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PREFACE
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The Committee on Human Factors was established in 0ctober 1980 ‘under

the Joint s@bnsorship of the Office of Naval ‘Research (ONR), the Afr

- Force Office of Scientific Research (AFOSR), and the Army Research

factors engineering applications and tc-maké recommendations for basgic

re chﬁghat will improve the: fonndatioﬁs of this discipiine. The
o o S . S
;committee 8 fifst meetin was held 4n Eééembe§|1980! in Oétober 1981
the National Aetonautics and Space Administration (NASA) joined the

8ponsors of the committee; and several other government agencies have

expressed interest in the committee's ’”rk.
3 "~
A
Homan factors issues arise in every domain in which humans
interact with the proaucts of 'a technological society. Consequently,

the knowledge brought to bear in human factors appiications must be

ékaun from a wide range Jf scientific and engineering disciplines.

/ —_ -

Althanéﬁ no small group can be fully" rep' senbﬁtive of all disciplines

relevant to human factors, the expertise represented on the committee
1s quite brokd. It, inclddes specialists from the fields of
engineering, biomechanics, psychology; cognitive science, and

<
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Pologs de il e from busan factors engineering. While 6’:1;51-
Altsciplines may be relevant, it is these that are expected. to
contribute moék substantialiy to the basic data, theory, and methods
needed to improve tﬁe sclentific basis of human factors.

I wish to thank each aéﬁséé of the committes for their thoughtful
contributions to this report. Individual members or small groupstof

members accepted primary responsibiiity for authoring each chapter.

This authorship is acknowledged in the note at tbe beginning of each
Lo .
chapter. . All committee members’ whether they were authors or mot,

deiiherated; reviewed, and contributed to improvements in the contewnr

of each chaptera I am- especially grateful to them for their generous
contribution of time; both is meetings and outside. Their efforts

‘have contrihﬁtédﬂ%iééti} to the quality of this report, which s t.uljy

a product of the full committee. Special thanks are due to the study
director, Robert T E_)iennessy, who contribited both technically and
administratively to every step 1n the report's development: In
addition;-he has. taken the kind of*iﬁitiatives that aaae it possible
for me to chair the comnittee with minimum effort and maximum reward.
Martin A. Tolcott and Gerald S. Malecki of the Office of Naval
Research; Alfred R. Fregly of the Alr Force Officé of Scientific \
Research, Robert M. Sasmor of the Army ﬁesearcﬁ InstiEEEE* and Melvin

D. Montemerlo of. the Natlonal Aeronautics and Space Administration,

representatives of the committee" § sponsors, have also’ made important

‘ contributions.: Their support; encouragement, and idencification of

>

- | " ! ;@
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1 am grateful alsc to the participantk in our workshop on applied
methods: Stuart K. Card; David Meister, Donald L. Parks, Erich P.
:Prieh; and John B, §hafer. , Their broad understanding of appiied -
methods and their cogent appraisal of the issues and needs in this

area formed the basis for Chapter 7 of this report.

Several people were helpful to the committee in Specific ways.

of briefings by pelsonnel from the Air Force Aeroapace Medical:

;Reseanch Laboratory.and the Alr Force Humaniyesources Laboratory as

weil as tours of several of their research factiities. ﬁuring the

commtttee s visit to theiNaval Training Equipment Center, Walter S.

Chambers and Stanley C. Collyer arranged for presentations by members,

~
- of the Human Factors; Laboratory and briefed the Eoﬁﬁittee on the
X .

research uses of the vigual téchﬁaiagy_téééaréﬁ aiaaiaea; as well as
deﬁonétratiné this device: I extend my appreciation to these

individuals and organizations for their efforts on the committeeisi
- - = I '

behalf.
~ Many other individuals also have contribited to :héjaart of the

comnittee and thereby to the contents of this report. A number of

. particular chapters. Karen A: English and M. Jeanne Richards have

served ablykand conscientionsiy as administrative §ecretaries over the

- -

- ) course of the committee's history: Christine Ls HcShane5 Editor for

the éoﬁmission on BéhaVioral and Soclal Sciences and Education,

N through 8kil1l and perseverence greatly fmproved ‘the style and clarity
’ | v
b v

‘ o | . [ ; ‘
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of Thi% repori. 1¢ ail these individuals I express- my sincere thanks

: - -
for their significant contributionss
. The committee's work is-ngoing: Th

expected to be a continiing series of
factors research. I invite the reader's comments and reactions- to-
_this and Future reports: -

t01% and’ future report

AT
. SRR A N Tl s
Pew; Chair
' i . oo A e
- ¢ Committee on Human Factors
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INTRODUCTION AND OVERVIEW

-

In the last several years the public has become sensitized to the
importance of equipment designed to a'c'coﬁimo'ciaté its human users! 1In
A ’ . ~N

the course of events at the Thiee Mile Island nuclear power plant many
N ”
residenbs of Harrisburg.were evacuated because of the accident

-

precipitated by operators misinterpreting their instruments. Coal

miners cover- equipment lamps intended to 1lluminate the mine wall,

because they object .to the glare in their faces. The M-1, the most"
technoiogically sophisticated battle tank ever produced 15 limited by
the Operatingvdifficulties experienced by its crew. With computer .. -

. . . —
terminals now pervasive in the workplacef more users are voicing their
v

compiainté about requirements_to~converse in arcane dialects of

-

decisions 6%’3ur6f5 in _court cases involving product 1iabi1ity, in the

6

R W

The principal author of this chapter 15 Richard W. Few.

€
R

9
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laboratories, and in the increase in job opportunities . fornhﬁﬁiﬁ

facrora profeaaioﬁiia in the eoﬁpﬁrer iﬁduarry; In Harch 1552, over

) » . ;
industrial engineering and in pé§éhoi6§§; iB Eﬁe early 19093

Frederick W: Taylor coined the: ‘ferm Bcienrific,manggement, by which He.

weant the application of scienttfic principiea in the deaign of the

industrial workplace: 'Although overzealous Tayiorism reauited in
»

some early mismanagement, his vork formed one of the building blocka

. °

for moderﬁ)induatrial engineering and operations research.

meet the severe demands 6f thé'bobipit; they were iakea to select the
cockpit design best suﬂped to the characteriatics of pilots. This

approach reduced accidents and allowed a larger p0pu1ation of -

potential pilots to be certified. Because flying pushes the human
body to its ph?éiologibil'liﬁit§5 the effects of physfological stress
oﬁ pérformance became»a further cgfsideratioﬁ. 'Aftei'the war S éﬁiii’
group of universities bégiﬁ traininé\human factotB specialists for

research and development in the military services and the aerospace

iﬁduéf(ﬁi I .
" In 1:?7 the Human Fectors §ociéry was formed with 90 foﬁﬁdiﬁé

membera' 1977 the memberahip had g;ovn to 1,956; and in the last

.:five years " the organization has expanded by an additional 50 percent.'

Iﬁ additiom; various engineering societies have formed groups related

- .

~ ’
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to human factors: The formation of this committee within the National

importance of human factors in today's technological society.

Human factors engineering can be defined as the application of

j=

scientific principles, tethods, and data drawn from a variety of

play a significant role. Successful appiication is Eéiéﬁféa by
iﬁbtéVéa productivity, éffiéiéﬁéy; safety, and acceptance of the
resultant system design. The disciplines that may be applied to a

particular problet incliude psychology, cognitive science, physiology,

biomechanics, applied physical anthropology, and industrial and

Humsn factors specimlists fror these and other disciplines are
united by a singular perspective on the system design process: tﬁat
desigh begins with an understanding of the user's role in overall
éiété; ﬁéiféfﬁéﬁéé and that systems exist to serve their users,
maintenance crews. Tﬁié user—-oriented design philosophy éékﬁaﬁiéaééé
human variability as a design parameter. The resultant aééigﬁé

R

as well as build in safeguards to avoid or reduce the impact of
unpredictable human error.

On the international scene this collection of activities has been
called ergonomics, gé&hihg the study of work.. Its ﬁtECtitidﬁéié'hiVé

placed somewhat more emphasis on biomechanics and the physiological

13
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costs of doing work than have human factors practitioners in the

United States. -Aside from this distinction, the two terms refer to

human factors research focuses on the solution of system design
prpbiems ithiving more than one of these discipliness Since World

Administration (NASA) and the military services.. Since the passage cf

budget, which mandated a shift toward system development and away Ir.c..

basic research, the real dollar volume of research has not increasrd

very much. What research there 1s has focused increasingly on
short-term goals. As & reénit the basic knowledge needed to provide
the underpinnings for human factors applicatiouns {0 new technology has

not been genera{;d/ The need to reverse this trend is at least part

of the reason that the military services and NASA have taken the

initiative in sponsoring the work of this committee. This report
reflects the committee's recommendations for needed research in terms

-

factors engineering, even in relation to military and NASA needs. As

the committee began discussing research needs; a wide range of

possible topics was considered. ‘Two of our meetings included tours

and discussions of ongoing research in military iabbratbriéi.

Coumittee members were encouraged to develop brief position papers on

highlighted topics that were germane to their interests. The human

- T ®4
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factors community was surveyed.through an article in the Bulletin of

B . - I o - . !

the Human Factors Society; and 116 responses were received; the survey
results confirmed the importance of many of the topiés already

identified by the committee: Some topics were dropped, anid some ey
papers were geﬁéiéiédé Others were combined imto coherent units;
'
still others were deferred for further study or iﬁiEiative;l
The ﬁéteéiéiiiﬁ this report’is the result of that process: Each
chapter 1s désigﬁed to be a self—contained report of an impbrtant area

in which re rch is needed: A1l the tOpics discussed here meet the

following criteria: (1) each topic 1s germane to. our military and
NASA sponsors; (2) the topics are within the expertise of the
comnittee; (3) each topic has been; in the opinion of the coumittee;

incompleteiy addressed by previous or current military and civilian

research effbrcs- and (é) the potential results of the recommended
research will be important contributions to tﬁe scientific bas!is and

practice 6f,hﬁﬁéﬁ factors. And the work of the committee 15 ongoing.

In addition to the research areas presented iﬁ this report, work oo a
nunber of topics is in various stages ‘of development: (1) -
organizational context in relation to desigﬁ- (2) team performance;
(3) simulation; ¢4) human performance modeling; ¢5) multicolor
dieplays; (6) human féét6%§ education, and (7) accident feﬁéfiing
systems. We ex56et to address many of these as well as other topics
5

in subsequent reports. /
In. the paragraphs that follow, the areas of research suggested by

the committee are summarized together with sowie of our major

oy
1t
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HUMAN DECISION MAKING
A central ffsie in the understanding of human performance 1s human
decision ﬁékiﬁg. It has becotie even more 1mportant with the increased
role of automation in complex modern systems rnnging from military

éommaﬁd, control; and communication systems to aircraft and process

control systems. There has been iuch support for research oo decis:iow

waking over the last 15 years, particularly by the Defense Advanced
Research Projects Agency and the Office for Naval Research. This
research has Yended to focus on formal decision theoretic

;constructions— ﬁﬁiéﬁ; while analytically powerful, have proved to. be

inspfficiently robust to.reflect the strengths and weaknesses of "human
decisfon-ma'ing capabilities.' The committee Tecommends further
research, with an emphasis on EBGiﬁé into uncharted areas: |
- Surprisingly, despite the effort devoted to decision-making
research in generai there is still a need for research on how to
structure practical deciérin prob%ﬁﬁé éﬁ& on improving the realism of
models that claim to relate to decision—maktng performance. We do not
know how to represént decisiorn situations that evolve dyuamically, nor
do we have a systematic framewori from which to consider decinion
atding. ’

Furthermore, we are coming to realize that many planning

activities actually involve decision making that cannot be modeled 59

a unitary decision matrix. They often evolve over time in btts and

18
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computer alds for this kind of decision.

-second topic.

| T

pleces with Ifmited central diiéctions Ve need a deeper understanding

» ~ i

" of such diffuse decision processes in order to provide effective

- | g

.
s

While previous work has led to aaay decision-making a%ﬁs and
A}

models, no criteria or methodologles have been suggested for -
evaluating their relative mérits. Until such comparisons atre made,

practitioners will continUe to advocate their own products Without a

basis for choice among them. Finally; there 1s a Eéf&iéient need for
A

development of innovative ways of soliciting preference and relative

value judgments from peopie, a problem(that leads us directly to .the

{
\.

ELICITING JUBGMENT

The application of expert judgient eaoéta everything from medical

evaluations to accident investigations. Although the subject matter

. ranges widely, it is our belief that there are generit, substantive

research issues that should be addressed in a coherent program. These

problems recur in diverse contexts for which e1icitation methods

either do not exist or are inadequately standardized across

‘
—

applications to yieid consistent resilts. The research issues include

o

(1) creating a common frame of reference from which to assess
judgiients among a group of experts; (2) forﬁulating questions for

experts in a way that is compatible with their mental structures or

; cognitive representstions of a problem; (3) eliciting judgments about

the quality of information; (4) detecting and identi*ving Teporting

.

e
~F
4

“
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%ias in Judgments; and (5) minimizing the effects of memory loss and
. . ‘; .

distortion on the reporting of past events.

" SUPERVISORY CONTROL SYSTEMS

Y

;o . s
Sﬁﬁéfﬁisdrg-tdhtrbi is a §2155i66i§ ﬁew‘cangeptuéiizAtiaﬁ of system
function that 1s playing an ihétéaéiﬁgiy.impartaﬁt‘raié in éﬁtéﬁééé&;
éyéEéié;\ In Buchxﬁyétéﬁéi operators §ape}vise the aéaiaﬁtaEAEig
control of a dynamic process, such aévi chemical plant or railway
system: Typically the operators work in teams and control compute Lo
which in turn mediate information fiaggéééﬁg various automatic .
components. Other examples of éﬁﬁéf%iaéiy control systeis are modern
aircraft; medical intensive care units, power plants, and &1§triBUtéd
~ommand and i:c}ﬁirc?i systems Eij'ciiAéé may be found in military
6§§E£Ei6§§ or in manufacturihg by robots. Such éiééem; Aeemﬁﬁasizé :
the importance of human aenéory and motor capabilities and emphasize
‘C6ﬁ§iéi perceptual ﬁﬁdygpgﬁitiVé skills. This perspective is
reiétiVEiy new to practicing system designers; work is beginning to be

key; the models must be able to accommpdate these human _capacities and

!

18 s
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limitations. This is a chbicésaﬁﬁafEﬁnicy to bring together work on

control theory models and cognitive ssience representations.

-

Cognitive psychology 15 also advancing our understanding of ' the

: way in which resources are shared among various processes within the
q >
brain. This work has unexplored impiications for understanding how to

modify system design to change perceived.workload particuiariy in the
complex tasks typical of supervisory control. Each of the military

services has research programs focused on human workload analysis: 1In

our opinion many of them are too‘application;oriented they need a

stronger, fbcus on {esearch to advance the Rnowledge base from which
~

- - ’

new applicdtion techniques will emerge. '

-

Another key cbﬁcé“h in supervisory control is prediction and the
control of human error. Our understanding of this’ topic is in its
inféncy. We have no general theory of himan error, although theories

abound for human response time. Human reliahility analysis has been
~

in vogue for several years,; but, as currently practiced* it simply

uses the numerical aggregation of historical data on recorded human

failure rates;. It 18 weakest in just the situations in which it -is

most needed--when the activity involves complex é‘iagﬁasig; situation .
‘assessment; and interaction with computers.
At the level Sf design, th’éi-é are three major questions: how to .

design supervisory control tasks ‘to accommodate human capabilities and

limitations how to organize and display the information needed to

(
carry out these tasks; and how much control to delegate _to the human

€ -

versus thc automatic parts of the syatem'.

.zA _- 19
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s - USER-COMPUTER INTERACTION
. j v i - 2
i Since computers are already playing a major role in)most new system

developments including eupervisory controi systems, iﬁ'”éﬁ of

facilitating the 1earning and use by both computer professionals and

novices has been accordﬁd a chapter of its own. - ) (
At a March 1982 conference on user-computer interaction, @ore

than 100 papers addressed a variety of.tohicé related to hardware and
software dééign. More than half of the 1,000 participants were sysceT

7design specialists from industry and government. The committee
believes that this level of interest foretéllé a heavy aéaaaa for 7
scientific khowledge that has yet to be created. Although a numbes of g
industrial laboratories are supporting proprietary work; there is only

- one aajaE funded coiiéborétive effort between computer Bclence and

h
Most human factors research has been done in the area of computer

hardware. Information i1s available on which to base design decisions

concerning information display hardware and keyboards. | Many

pens, have been stodied in the.&pntext of specific applications._

There is a need for.furthér work on input devices that focuses on
comparison among the full range of devices across a broad set of uses,

- including instruction, text processing, and graphics.

. 20
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éﬁtoﬁétic speech recognitibn and production have attracted. much
interest as the technology improves. Sﬁeéch as an alternative to

investigation: fUﬁdaméﬁtai work 15 necessary on the design of

interactive speech dialogs that involve inherently sequential .

.

communication and potentially heaVy memory demands on the listener.

As computer termini'% are becoming pervasive in the white-collér

N .

ﬁorkplace; concern is groﬁiﬁg about the adverse effects on ﬁéople from

long=term use of terminals with cathode ray tubes (CRTs): "A recent
study by the National Institute for Occupational Safety and Health
found no radiation hazards from CRTs but did find a substantial
increase in workér complaints of fatigue and other health problems
from sustained daily ﬁée: This study was not able to dibtiﬁéﬁfﬁﬁ €RT
design-based complaints from those relating to the task or other
features of the ﬁorkpléce::éha this 1s an urgent research ﬁéeé. In
Europe, gé%éiﬁments are now mandating standards for workplace
designs. It will not be long before similar actioos are taken in the
United States and the research must begim now to anticipate theum.

In the area of sof:ware design, research needs are only beginning
to be filled. Effective design of sophisticaf,f software implies
understanding of human knowledge sytems and the ability to represent
not only what a ﬁserfkﬁoﬁé but also how a user makes inferences from
that iﬁfofﬁéfioﬁci,fhere 18 a hega for models of users' understanding
of the sys:em;a;({ which they are interacting, a problem that is
lmportant for supervisory control applications as well.

Perhaps the most neglected research area in computer system

déﬁéloﬁﬁéﬁt is how to produce effecgiv& materials and reference

‘

ny
supnd |
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inforpation. While design principles developed for printed materials

are useful for computer system documentation, there are ddcuﬁeﬁtétidﬁ‘,

— -

. opportunities unique to intera

tive systems that we do not yet

» )|

understand haa.éa,giﬁlait_éffééfi&éiia

Finally, there is é need to understand in more detail the
éharaéteriétiCE of the user ﬁaﬁﬁlétiéﬁ that make a difference in:
terms, how changes 1n user characteristics should be. reflected in
system design changes: - | :

The coumittee Eégé?défnéef-ccmputer interaction as oneé gf the
most urgent topics on which to undertake research initiatives.

-

-

T POPULATION GROUP DIFFERENCES
- . ‘
Through public sentiment as well as government legislation, our
society has mandated the eliminatfon of discrimination among
population groups in the design of jobs and workplaces: In addition

growing concern ab%ut

[N

to racial discrimination; there i

research necessary to describe the nature and extent of performance
differences among the various population groups about which

_ . - S
discrimination is a concern. The committee b%liéVéé it is in the

national interest to undertake the research necessary to accommodate

f

22
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performance may depend on the value of some othér variables; such as
amount of training or level of interpersonal skills. It may be
- . Vs ¥
misleading to discover simply that performance deteriorates with age,

when in-fact training or experience may reverse that trend. Such
interactions remain largely unexplored: -

#  There is also a need to understand the way in which these
differences in perfdr;§ﬁte should influence workplace desigi or =
designed to fit 95 percent of a particular userd@opulation insofar as

body dimensions are concerned; but for most other human performance
o :

characteristics we lack this knowledge: -z

-

APPLIED METHODS

R
Huch human factors work is performed under constraints 8f money;time;
and opportunity that 5téélaa§ the use of the kind of experimental
methods used in laboratory reésearch. From necessity, human factors
practitioners have aaéﬁtéa or developed a variety of applied methods
fdt'étquitihg or organizing information related to human
characteristics that arise in the context of system aféigﬁ;
development,, and evaluation. Examples of these methods are task
analysis, inforsation flow analysis, collection and analysis of survey

through. In contrast to the methods of scientific research, which are

maintained and disseminated in university curricula and t&xtbooks, and

by specialists who devote careers to improving and inventing
experimental design procedures; applied methods in human factors work

23
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are described only briefly inm technical project meports, which are
difficult to access, and ifforté to improve or invent methods occur

largely in connection with a particular project. ' .

There is = clear fieed to develop a compendium of standard

Y o
descriptions of the most important. appiied methods: This compendfum
woiild be valuable for use in human factors curricula in caiiégéé and

universities and for coﬁtiﬁﬁihg édﬁcétioﬁ tutorials for human factors
préctitioﬁeré; Currently most knowledge of apﬁiied wethods 1s gained

;ithrough on-thé-job experience. ‘ . -

Documenting existing applied methods, however, will not fulfill °

bd N

the méthodbioéicéi needs for all current and future system desipn

éupérViéory controi systems and computer systems themselves all have
profound methodologicai implications for the analysis and description

of the roles people play in these sytems. Existing Eetﬁoaetéﬁch.ié

workload analysis, protocol analysis, and fﬁﬁction allocatton require

research to modify and extend their use in new applicatioﬁb in which

-

the emphasis 1s on cognitive functions of operators rather than on the \

perceptual—motor function& prominent inm old: systems.

7sm11a;17y, there 1s a need to develop new methods to provide

information of the type and ‘form necessary to resolve such issues as

translating taak requiremen:zyinto pernonnel selection criteria; v 1
<, :

,deriviug treining tequiremerts from functionel reqﬁireﬁéﬁti; and
N .

3 y o *
describing'e evaluatiﬁg&thi effects of task or system functions on \&'

All the basic research needs addressed in this report require

-

. experimental investigations to ﬁroiiae the theory, principles, and




. o~ , - e . :
data to support human factors work in.the design and evaluation of
systems. The aﬁpiiaa%1§a’af the knowledge éEtivea'from ‘basic

methods. .- pocumentation of existing methods and research to extend and -

~initiate methods to meet future needs are as essen tial as the

- substantive research to improve both the scientific basis and the

. . i

e I
‘,.  CONCLUSION
> :

System deaign and the world of work are uhdergoiug prof0und changes.

In a period when autOmation is replacing the need for finely tuned
R 4 ~
Y perceptual-motor activities by skilled operators, human productivity

1s no longer easily asseased in terms of unit 0utput. New systems
place increaaed demanda on the cognitive and deciaion—maRing aspects

of human performance. The role of people in systems 1s shifting to

<

those of monitoring and directirg otherwise automatic processes in

UV '
industrial production,vtranspor ation; military operationa, and . office
work.

Theae changes in human-machine relatious both offer new

opportunities and prcaent ne :roblemé for system design. It.is
therefore timely and apprdpriate that the committee's first report of
research needb in human factors emphasizes the fmportance of

interactive aund superviaory control systems.

Ay
Ny |
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- - . HUMAN DECISION MAKING

y —

Work organizations,; and those who staff them, rise.and faii by theit;
o I : .o ,
ability to make,decisions. These may be major strategic decisions, such
. E N » .

: as the deployment of forces or iﬁ%entdrieﬁzidt local -tactical decisions,

such as how to promote, motivate, and ugderstand particular
subordinates. To list the kinds of decglons, that need to be made and

‘the stakes that sometimes ride on, them would be to repeat the obviots:

Decisions are made explicitly whenever one consciously combines beliefs

_and Yalues in order to choose a course of action. They are made

implicitly whenever one relies on a ritualized response (habit,

tradition) to cope with a choice between options. Repetitiom of past

decisions may result in Buboptimal choices; howeveryg;d

a téédy escape from the &ifficuitiéé and expense of explicit decision
7 aak;ﬁg. The reasons decision making often seems (and 1s) so difficult
are quite 65tiéa; ;&fAfé the opportunities for interventions and the
needs for human factors research to buttress those interventions; . |
One problem is information overload: More things need to be
considered than can be held and manipulated in one's head
i
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éiﬁuitéﬁéonéii; COping.vith such computationq; problems is an ideail task
for computers, and there are a variety of software packages avallable
that in one way or another combine déciéion makers' beliefs and values in
order to produce a recomiend&tion. Cﬁiﬁiing between and using these
decision aids forces one to face a _second inherent d1ffi fculty of aecision
making: not knowing how to define (or structure) the decision problem
and to assess one's own values, that 8, how to make Eridé-offﬁ between
competing objectives. Becéﬁée analytic deciéion:méﬁiﬁé methods cannot
operate without guidéncE'oﬁ these issues, judgﬁént 1s an inevitable part
of the aé&iéiaﬁ-iﬁakiﬁg isrocéée; as 18 the need far’ 36d§iii_éﬁ'é""AEiicitEéio‘n
methods to complement the decision aidginee ébiﬁtér 35ig_ﬁ'tﬁird
difficnity is ‘knowing when to stop analyzing and start aétiﬁga Taking

that step requireﬁ;one to assess the quality®f the decision—making

process and reconcile any remaining confiicts between the recommendation

'Jit produces and that produced by one's own intuitionﬁ. To help ome

through this step, a decision aid must reveal its own limits in ways that
- ¥

are psychologically meaningful. A fourth difficulty 1s that in many

Vinteresting decisions one knows too little to act confidently. When

uncertainty 15 a fact of life, the role of good design is to ensure that

e subject to robust

and systematic biases. Tﬁéﬁé ‘blases make it difficult to rely of

" intuitian as a criterion for. the adequacy of decisions and the methoda

that produce them. Decision aids must accommodate these biases and may

require supplementary training éiéfééi?é lest their recommendations be
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adopted only when they affirm intuitions that are tﬁ6iﬁ to be faultys

Given the multitude of decisions that are made, any research or
design éfféff that made even a minute canfrisutiaa to the quality éf a
minute proportion of all decislons wowld bear a large benefit in absolute
terms. Proving that such a benefit had been derived would be as

difficult as it 1s in most areas of human factors work. Whenever

uncertainty is involved, better decisions will produce outcomes only over

..

the long run. That makes it difficult to establish the validity of bona
fide improvements and easy to fall prey to highly touted methods with

good face validity, but 1ittle else. A sound research base 1is needed mot
only to develop ﬁéttét;dééiéiéﬁ:ﬁéiiﬁg.Eétﬁéaé;_BBE also to give users a

fighting thance at being able to 1&éﬁ§ify which methods are indeed better

] t
for their purposes. T
BACKGROUND

N I d
A . -

Ad hoc advice to decision makers can be traced from antiquity to the

I o~ . oo e
- Sunday supplements; Scientific study of decision -making probably Bégii’i_é

with the development of statistical or Bayesian decision theory by Borel;

L o .
Ramsey, de Finetti, von Neumann, Morgenstern, Venn, Wald, and others.
They showed how to characterize and interrelate the primitives)of a

€lements. The development of scientific decision aids—could be traced in
complex real-world decision situations could be inte:preted in terms of
the gemeral model. Essential to this model is the notion that B

<5

'
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decisfon-making problems can be decomposed into components that can be
‘assessed iﬁ&i?i&gsiib; then combined <1ntc a general recommendation that
reflects the decision makers' best interest: Those components are
typically described as options, beliefs, and valuea or slternatives,
opinions; and preferences, or somée equivalent triplet of terms: They are
interrelated by an integration scheie called a decision rule or problem
ét;;étﬁfé (é;;E} Fischhoff, et ai., 1981; Sage, 1981).

More géﬁéfaiiy; aécisioﬁ-makiﬁg tiodels typically envislon fou-
interrelated steps.

‘1. Identify all relevant courses of action ationg wWhich the dicisisa
maker may chocse. This choice among options (or alternatives)

‘constitutes the act of decision; the deliberations that precede it are
considered to be part of the decision-making process.

2. Identify the consequences (advantages) that may arise as a result
of choosing each option; assess their relative attractivemess: In this
act the decision maker's values find their éiﬁiéééiéﬁ; Aithéugﬁ these
values are essentially ﬁérabﬁéi; they 659»86 clarified by technigues such :

as multiattribute utility iriiij@iﬁ and informed by economic techniques

3. Assess the likelihood of these consequences' being realized.
These probabilities may be elicited by straightforward jﬁ&;ﬁéﬁiii methods
or ﬁitﬁ Eﬁéiaia‘af;ﬁbie ébﬁhigticatéa techniques; such aélfaﬁ;i tree iﬁ@
event tree analysis: If the decision maker kuows exactly what will

happen given each course of action, it then becomes a case of decision
making under conditions of certainty and this stage drops out.
4. Integrate'all these considerations in order to identify what

appears to be the best option: Making the best of what is or could be




.could be justified og the basis of any empirical evidence of its
Q0

. —

ﬁaiiﬁﬁa The deciéioﬁ maker is mot to be ﬁéi&'réépoﬁaible 1f this action

These steps are both deﬁaﬁaiﬁg and vague. fuifiliiﬂé them requires

considerable atEention to detail and may be accomplished in a variety of

vays ., Moreover, they may not even be followed sequentially, if iﬁéigﬁfa

galned at one step lead the decision maker to, revise the analysis

performed at a different step. This flextbility has produced a variety

of models aﬁd methods of decision making whose interrelatio’ ‘are not

alvays clearly specified.

grovwth industries of the 1970s. A wide variety of ioftw're packages and
firms can now bring the fruits of these theoretfcal advaﬁcei:to
practicing deciﬁioﬁ makers; Decision analysis, the ﬁoar'eoﬁﬁoﬁ name for

these procedures, is part of the curriculum of most business schools.

" Although 1t has met coﬁéiaérébié initial reéiétaﬁéé from decision wakers

because of its novelty and because o;gthe explicitness about values and
Y

beliefs that it requires, decision analysis seems to be-gaining
considerable iéééﬁiince (e-g., Bonczek,,et al., 1981; Brown, et al.,

1974; Raiffa; 1 968) This acceptance seems, eves mow; to go beyond what

efficacy. Figure 2-i gives $ome examples of the contexts withim which
4

ﬂeciaioﬁzaidiﬁg schemes felying on interactive computer systems have been
I s
operating and have ‘been reported in the profeasioual literature. Figure

2-2 18 similar to the summary priﬁtoﬁilof“oﬁe such scneme, which offers

physicians on—line diagnoses of the .causes of dyspepsia.

- 30’"
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KCCGﬁﬁtiﬁg::Eéiﬁiﬁg.ib assess the financial viability of corporations.

Clinical diagnosis--helping physicians to decide whether to perform
diagnostic procedures and how to interpret their results. )
Ccsuris”eling-—heiping people to choose careers or conaider having Chi.l c¢ren. i

Energy-—choosing where to site energy—producing faciiities.

Militéryiiaééiaiﬁg whether troops are in an adequate state of,

<

readiness° preplanning responses.
?éiiéieum geology--aHocation of resources for oil explorations:

Pharmaceutics——helping in monitoring fiégs reports in order to decide :

whether drugs need to be recaz;kd. g S,
Research and development--deciding Eaﬁlﬁa allocate funds.
=

3
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ROTHERMAN AREA uﬁttra~ﬁbruonlrr ' UNIT NO. 1 456789
___MONTAGU HOSPITAL - SURNAME Smith .
SYMPTOM PROCESSING PROUECT FIRST NAMES: John
. HISTORY SHEET i CLINICIAN: Dr. Cardmer
’ :
SYMPTOMS INPUT TO. COMPUTER (s
Male Relief antacids ,
Age 60-69 Nightpain pres.
Site epigastric 'Nausea presert
Radiation none Vomiting present
Duration 7mglyr - Meals: pain immed
Pattern epfsodic - Haematemesis abs
Pain is moderate No indigestion /
Progress worse Bowels OK
1Aggd by food - Micturition OK
COMPUTER PROBABILITIES BASED ON THESE SYHPTOHS 2
. o 25 50 75 100
FUNGTIONAL 22 mmmmmem e oot -
CHOLECYSTIYIS - B R
DUODENAL ULCER 2 X - By
GASTRIC ULCER 76 - R - S
0 x R

CA. STOMACH . R

> - If you judggiagy of the above probabiiities to be in error please

adjust them accordingly.

PROVISIONAL DIAGNOSIS 1f appropriate is— S

Level of confidence in this diagnosis.

Very tentative . . certatn
1 2 B 4 - 5

The highest probability has been assigued to GASTRIC ULCER: If this of

any other probability 18 not in accordance with your own Judgement,

pPledse indicate reasons for your conclusions.

FIGURE 2-2 Summary Printout of a Medical Décision- Aiding Scheme
Source: D C. Barber and‘; Pox (1981). :
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their Eoﬁﬁonéﬁts. Researchers in this field hsve studied -in varying *;? 7

i Lo i
dégrees of detaii the psychological processes underiying these juaéﬁénts

and the ways in which they ca& be improved through training, tssE w7
J 4 ".‘, .
restructuring; and'decision—aid design. A particular'foeus hss beeﬂfon_‘ r

the identification and-eradication of judgﬁentai blases. iiﬁé reaéa”éhvi

-

described below 1s that which seems 'to be needed to help behaviorai "

s

¢

decision research fulfill this role.
An important development in this research over the last decaaevhas L
been {ts liberation from the mechamistic models of behavior iﬁﬁériEe&

from economics and phi]osophy. The result has been more process-oriented

theories; attempting to capture how people do make and would 1ike to make

decisions (e:g:, Svenson, 1979). Th®s change was 5faa§téa in ﬁart by the

realizatton that mechanistic models offer 1ittle insight into central

when people are satisfied with the quality of their decisions. _Thaaé
developments are reflected in the research described below.

There may seem to be a natural enmity between those purveying
techniques of decision analysis and those studying their behavioral A

underpinnings, with the 1atter revealing che'linits of . the procedutes

-

that the former are trying to sell; It generill.ho?§66r;'théré has been
rather good cooperation between the tvo camps. 'ﬁisic regearchers have
"ﬁoften dhosen to study the problems that practitioners find most

AN ‘-i

S “'; - :5§E§ S = - o _' {?;

*
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commercial ‘and government use, one can find software psckages and

-

decision-mnking procedures that have been redesigned in response to basic

e

research. Established channeis (e.gﬁv conferences, paper distribution -
1ists) exist for members of this community to communicate\with one
anpther. Many of the leading practitioners have doctoral-level training,
usually in psychoiogy, management science, operations research, or
systems engineering, and maintain academic contacts. Indeed, the
quantity of basic Iesearch has been reduCed by the diversion of potentiai
researchers to applied work, although its quality may have benefited from
being better focused. Al though problems remain; regear ch in this area
has a fairly g60d chance of being. ﬁseful and ofyheing uséd. In addition,
none of the fesearch >;sues discuEEEd in the foilowing sections appears
to pose any serious methodological difficuities. The conventionai
experimental methods of the behavioral,sciences are suitabfe for

performing the recommended investigations. ‘ _j

(i ~

e “‘\\
B o RESEARCH ON DECISION MAKING

(N
Given the relatively good communication between decision-making

. researchers and practitionersf the primary focus of the recommendations

that follow is the production of new research as opposed to its

) disseminationk It ‘seems reasonable to hope that the same communication

networks that bronght these applied probiems to the *ttention of
academics vill carry their partial soiutions back to the fieid. Research
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on décision making per se assumes that there are general lessons to be

learned from studying the sorts of issues that recur in many decision

N

problema and,the re8pqneee typicalli mide to them. In fact,‘thé

~/ compiexity of real decision problems 1s often 8o 3reat as to prevent some

-

Theae:recommendations are cast in teris of research needed to

improve the usd of computerized Gecie&on a:;:; referred to generically as
. _Jb

R aéaigiaﬁ analysls. "These aida work in an teractive-faahion; askinz

people to provide critical inputs (e.g., the 8set of actions that they are
t

T considering, the probabiliti of those iciioﬁa.ac51691ﬁg various goals),

\ combining those inﬁute into a recommendation of what action to tan-; oo
repeating the process until users feeiithat they have exhausted its
'poeaibilities. In order to beJuEEful, an aid must: (a) deal with those
aspects of aeciéioﬁ making fsr which iieoiiié require aeaietaﬁcé; (b) ask

think intuitively

o,

Iabout decision making, and (c) display Its recommendattone in a way that
properly captures their impitcations and definitiveness. Achieving théée
goals requires understanding of (a) how peOple assess the quality of
human performance in decision-making tasks, (b) the nature _of
decision-making Processes; and (c) how peOple assebs The quality of

decision—making proceases, both those they perform nnd thoae performed
ki

for them. The research described below is intended to contribute to all_

three of these aspects of systems desigi. It:is also intended to

facilitate the 3666165666E of supplementary components of
decision-suppért systems, such as exercises for improving judgment or for

4

® mOﬁe creative option generation. ) ) s

o
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In this iight, research that contributes to hardware or software

- /7/&

design should aleo be a useful adjunct to. any formal or semiformal

decision-making process in which judgment plays a role. Even the devotee

of decision analysis

an informal analysis.

often lacks the time or tesources to do anything but

* Decision Structuring

Decision making 1s commonly characterized as 1nvolving the four

interrelated steps de

1§i2?iem 1ts stricture,

scribed earlier. The first three of these give the

by specifying the optiéﬁs, facts, and value issues

to be considered a§ well as their interrelations. Prescriptive models of

dectsion making elailorate on the way these stéps should be takem: Most

descriptive theories
a prescriptive model

prescriptive model.
In practice, however,
with prescriptive mod
descriptive researchs
As a result; dec

aspect of- research in

hypothesize some deviation of people's practice from
é?iééhhaff; Goiteln, and Shapira, 1981). These

principle, guide the development of the

That is, they show how the prescriptive models fail

to consider issues that people want to incorporate in their decisions.

the flow of information is typically asymmetrical,

els disproportionately setting the tone for

ision structuring is probabiy the least developed

to both prescriptive and descriptive aspects of

—

decision making (von Winterfeldt, 1980). Prescriptive models ire .

typically developed from the pronouncements 6f economists and others

regarding how people shouid (want to) run their lives or from ad hoc



lists of relevant consideraticna) Descriptive models tend more or less
to assume that these prescriptions are aafiéeiz Neither seems to have

eipiored fﬁii& the range of possible problem representations that peopie
use when left to their own devices. 7

Paying more attemtion to the aivéfaé'saia in which people do make
decisions would enable decision alders to offer their clients a @more
diverse set of alternative ways in which they might make decisions, along

‘with some elaboration on the typical strengths and Weakn sses of each

wethod. Some research projects that'might serve this end follow.

)

o Studles of dynamic, structuring, allowing for iterationms in the
&ééisioﬁ-ﬁaking'ﬁroceség Eiéﬁéesch~round resﬁoﬁaing to the insights
gained fraa'ita'ﬁréaééésaéié (Humphreys and McFadden, 1980) Can peopié
use such opportunities, or do they tend to stick to an initiai

representation? Are there initial structures that are less confining,-
“hich should be offered by the aids? )
©' Studies of godls other than narrow optimizatisn. In economic

wodels; the goal of decisioh making is assumed to be waximizing the
utility of the iﬁﬁediate decision.. Recently attention has turned to

other goals,; such as reducing the transaction costs from the act. of

decision, making do with 1imi ted decision—making expertise imposing

s consistency over a set of decisions, or faciiitating learning from -

-, “t-'_
DS

experiencé. Theoretical studies are needed to ciarify the conEEQ6ence§

6f adopting these gosls'(e;g.; how badly do they sacrifice optimization),

empirical studies are needed to see how often peopie actually want to
accept them (particuiarly after they have been informed of the results of

the theoretical studies).

L By
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o Option-generation studies: Decision mskers can only choose
Bétaééﬁ the options theyjcan think of. Each decision ieed’ ot be a new

test of theit imaginationu, particularly becaus research indicates that

imaginatinn often fails. Research can suggest better formulation
procedures and generic options that can be buiit into decisién_ﬁnalyéi
schemes (Gettys and Fisher, 1979).

o !ﬁany;éecisibn analysis schemes are sold as stand-alone Bystems,

,J
-

anaiyat. The validity of these claims should be tested; particulariy

with regard to decision structuring, the area in which the iargést errors

can occur (Pitz, et al., 1980). Research could also show ways to improve -

T~ s
the stand-aione capabiiity (e.g., with better introductory training
s .
" packets) .
s -. T
! . Measuring Preferences.

{ tnless one is fortunate éﬁéngh tb find a aaminstiag'aiterﬁativéi one that

ﬁéking trade—offs. Vhen one cannot have everything, it 1is necessary to
¥

determine the relative importance of different goals. - Such balancing

.@cts may be particularly difficult when the question is new and the goals

that stand in eonflict seen incommensurable (Eischhoff; et al., 1980).

*fa: Dealing vith'hazaracnc technblégiééi‘fbr example, leads us daily to face

questions such as whether the benefits of dyeing one' s hair are worth a
vague, minute increase in the chiﬁéé§ of cancer manv years hence. ‘
Decision analysis schemes seem to complicate life by making these

to be ueed by decision makers without the help of a professional decision

Rl



) inherent conflicts apparent (McNeil; et al., 1978). They actually
§ ] ; X

complicate it when _they pose these questions in cumbersome, unfnmiiiur

!

ways in order to eiicit the information needed by their models--e.g., how

" great an: increase in your probabiiity of being alive in five years' time
\

recover fz?m the pfbposed surgery-—and does this trideioff depend on -

other factors? ' oo g

Such questions are difficult inm part because their format 1s
dictated by a formal theor§ or the programmer § tonveniénée, rather than
by the decision maker's way of thinking. They are also difficult be:-iisie

of the lack of research guiding their formnlntion. Research on tho

judgments of fact (Johnson and HQBer;‘1977)-‘ Although there are many
)highly sophisticated axiomatic schemes for posing vaiue,qﬁestions few

have been empirically validated for difficult* reai-iifa issues: - in'

practice, perhaps the most common assumption 15 that decision makers are

Engligh.‘ 7 : _ ) .

The projects described below may help solve problems tﬁat*Earréﬁtiy
are ibr should 565 worrying Briéfifioners. Sotie similar heeds have been

Heasures of Subjec;ive Phenomena (Turner and Martin, 198X). .

R o No opinion. In most behavorial decision research, 55 in ﬁoét

survey research economica, and pteference theory, people are typically
ass uied to know what they want.’ Careful questioning 18 all that is
neede& to reveal the declsion makzr)s implicit trade-offs between

’ _ - . “ o - - )
whatever goals-are being compared. The need for sowme responsé-18 often
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necessary for the analysis to continue. xnoﬁiﬁg how to-discover when
decision makers have no opiniona and how to cope with that iituatioﬁ

would be of great value. Studiea of "no opinion” 4n survey research

manufacture opinions on diverae (and even fictitioua) topics.

o Interactive value Weasurement. QOne poaaible rééﬁonﬁe to
Eituationslin which deciéion makers* va1ues are poorly articuiated (or
noneiiafentj 1s for the decision aider to engage in a dialogue with the
client, suggesting a1ternative ways of thipking about the. problem and the
implications of various posaible resolutions. Although there are obvious

opportunities for manipulating responses in such situations, research may

ahow how they could be minimized' at any rate tbei.ﬁai be rendered no

worse than the manipulation inherent in not confronting the ambiguity;i:ni

reépondents' vaiuea. of Particular interest is the question oi ﬁbétﬁér"

effect. o

Pds L L Cfes mo—o T — T b .
" o Specifie topics. In order to interac’t constructively with their

’ elienEE; should aeéiﬁion aiaeré be able to offer a comprehenaive,

-

balanced deacription of the perapectivea that one could have on a
problem? The pProvision of such perapectives may be enhanced bi s
combination of theoretiéal and empirical work op how people could and do

think about particular issuea (Jungermann* 1980). For example, to aid

i
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how people think about good and bad .outcomes that are distributed over

‘

time. One migh& discover that people have difficulty conceptuaiizing

distant coﬁseiuences and therefore tend. to discount them unduly; snch a
tendency could be countered'by the use“of Bcenar1os that reify - -.
ﬁyﬁathéliaai future experiences. Medical counseling and the setting of
safety standards are two other areas with specific problems that reduce
the usefilness of decision Eééﬁﬁéiégies (e:g:, the difficulty of |

imagining what it,iaaia be like to be paralyzed or om dialysis, - :

o Siﬁuléting values. One obvious advantage of computerized Systems
is to Work quickly through calculations using alternstive vxiues -
: different parameters. A- possible didacf&c use would 'be to help people

. clarify what they want, by simulating the implications of different gets

¢

N,

cﬂoices"), both on the problem 1n question and on sample problems. Work
along this 1ine was done at one time iﬁ the context 6£ social judgment
theory (Hammond, i§7i)’ Completing it and making it accessible to the

o Framing. Recent research has demonstrated that formally

equivalent wvays of representing decision problems can elicit highly

inconsistent preferences (Kahneman and Tversky, 1979; Tversky and

‘

kKahneman, l981). Because most decision-aidingéschemes have s‘typicsl

- manner of formulating preference questions, they may inadvertently be
biasing the results they produce: This work should be continiied, with an
eié to cﬁérécteriiing and studying Eﬁé’ééyg in which decision analysis

41

scheiies habitually frame questions:




Evaluation

The &ééiéion ﬁakéf looking for help may be swamped by offers. The range
of available options may run from computerized decision analysig routineé
to’ super-eoft decision therapies. Few of these schemes are suppor ted by
'empiricai‘validition studies; most are offered by individuals with a
veéted interest in their acceptance (Fischhoff 1980). A comprehensive
evaluation Program would help decision makers 8ort out the contenders for
their attentiou ‘and to use those selected Judiciously, with g full
ﬁnderstanding qf their strengths and limitatione (Wardle and Herdle;
1978). Such a program might invoive the following elements:

° 661iéétiﬁé and chirictéfiiing,tﬁe set of exiitiﬁg decision aids
" with &n eye to diicerning common Beﬁevoriil assumptions (e.g., regarding
the real difficulties people have in ﬁaking decistons the ways in which
they want to have problems structuhed, or the quality of the Judgment
1nputs they can provide to decision—makiqg models).

o Examining the aseumptions ideutified above. This might inciude

questions like' Can people separate judgﬁenté of fact from Judgments of~

value? Wheh decision makers are set to act ¥n the name of an

inétitution, can they assess 1ts preferences, unencumbered by their own?
" Can people introspect usefully about beiiefs that have guided their past

decisions, free from the biasing effects of hindsight?

as are produced by different methods). For Eiinpie,;ﬁﬁit‘iéiﬁﬂti should

be placed on the queliti.of the decision process and on the quality of

42
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the ougcome that arises? What level of successful outcomes-should be

(Fischer, 1976).

primarily theoretica

o Clarifying thé method's degree of determinacy. To what extent do

arbitrary changes (i.e., ones regarding which the method is silent) in
madehéf application affect the decisious that arise (Hogarth amd .
Makridakis, 1961)7 Sinilarly, one would like sone general guidance od
the sensitivity.of the procedure to changes in varfous aspects of tic

important areas (e.g., problem structuring or value elicitation).
Conversely, one wants to know how sensitive the method 18.to thc

the same advice in all circumstances? ﬂ%>
Fethodsf o

‘o Assessing the impact of different n,"process” variables,

J ¥ .

such as the decision maker's alertness to new informaticn that threatens

the validity of the decision analysis or the degree of acceptance that a

&

procedure generates for the recommendation it produces (Watson and Brown,.
N .

1978). Such questi

onijng of assumptions has been the goal of much
existing research, which shoiuld provide a firm data base for new work

(although many questions, such as the first two of the three raised, have

yet-to be studied). . o .

; : Improving Realism

The simplified models of the world ithat decision analysis software




respect very similar to the nodels generated by flight or weapons
_ - o . _ o - . o o S € o
simulators. Their usefulness ig constrained by the fidelity of their

this ééﬁtéit; research could draw on whatever iniibgbﬁé studies have been
conducted with other kinds 6f=}imuiat6r§. Some iuggéétéd research topics
§Siibb; ‘ _ ,
P

o Hot and cold cognition. Decision analysis scheiies are coid and
calculating, and éﬁéy expect the decision maker to be so as well. It {s
not clear how well their putative advantages survive when decision makers -
shift from "cold” to "hot” cognitiop. Such a shift occurs with enotionai
ihVé?VéﬁgﬁE; sucﬁ as wight happen when the stakes increase or the topic
1s arousing (Janis and Mann; 1977). The use of decision aids for medicai
patients pondering possible treatments assumes that decision quality wilil
not deteriorate in such situations-—or at least no Gore than it
deteriorates without the ald. Another such shift 10volves time
préééﬁtéé;-ihch as might arise in crisis decision Baking (Wright, 1974),
Many proponents 65'65515165 analysis claim that tige constraints actually
enhance theé usefulress of their tool, rather than threaten it, :rgui@g
that a quiekiaﬁ&-dir:y analysts is often the most CGit:EffEEEiVe;ﬁ&y to
use the technology: Evidence is needed Tegarding whether this is true,
both when quickness ig chosen and when it 18 imposed:

© Contingency planning. Many of the most important uses of

decision aids are for the sake of cont%ﬁgéﬁb? planning! The essence ol




. o

actions nefded shouid they actually occur. In principle; preplanning
regponses should aiiéw a more leisurely and tﬁaugﬁtfhl angiysin GiEﬁ'
better utilization of experts and decision aids than would be possible if
one waited until a situation demanding an lnmediate response &éVéiéﬁé&{
The /success of such efforts depends on the planner's ability to imagine
ijt:::ance how various contingencies will appear should they come apput .
L .

1f the actual contingency does not resemble its image, then the
(preplanned) decisions based on that image will seem ipappropriate. In
such cases, the déciﬁiéﬁ maker must decide on short motice whethe: tc
adhere to the plan (Eﬁéﬂgééuﬁé that Hié or her immediate fmpress.. .

faulty) or come up with a new planm on the spot (and assume that the event

that was anticipated is not the event that occurred). Although the

systematic knowledge about the éérré§§6ﬁ&ﬁééé between actual and planned
contingencies: Research 1s needed on (1) when and why situatio® look
(or feel) different when they occur than they did during planning and (2)

© Overriding recommendations. The moment of truth for the decision
aid comes when the decision maker must decide to follow its

<

recommendations or override them. Analogous moments face the users of

would ﬁi?é broad implications. The research questions are: When do
people even think about overriding? How valid are the cues that lead
them to do #0? How much better than the ald are their intuitive
juégﬁbhtéi Does protracted reliance on decision aids increase or

decrease intuitive decision-making ability? Existing research on the

-
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capacity. The featires that the models capture are a ixture of thoge

that are easy to capture and thoge that designers Intuitively feel are
important to include. Each of the four topics just described in this
section 1s a factor that may affect the ieéiiéa of decision aids and, {f

80, should be considersg in their design and utiiiia£i§£: Research
efforts to date have ﬁéf&i} begun ‘to tap the ﬁbtéﬁii;ikpf,réééﬁt work 1in
éomputér‘gtESﬁici for ééVéiaﬁing superior displays (é.éﬁ;‘to facilitate
interpretation of how robust a recoumendation i by showing its '
Susceptibility to change with variation in the ééiuga of the input

Parameters). A particular Problem is that both questions and

a ratiéaaié; As é-féauii, decision makers may have 1ittle feeling for
ﬁﬁéré the questioning is leading or how rbﬁuiiliﬁé;caﬁciuaiﬁg
Teconmendations will be (or howy they can be éﬁaiainea to others).
Collaborative efforis might increase both the overall acceptance of
decisivn Eﬁ;iyﬁié and the EEEiiiﬁ;6f its recéﬁﬁéﬁ&EEEOﬁﬁ when it is uge:

x>

R

L

Alding Diffuse Decisions

- Common t6 most decision-making models is the assumption that decisions

8re made by an identifiable individual at an identifiable point in tige.



* ) }

Clearly; however, this fdealization often is not realized in‘praetieeé
there may Bé,ﬁin§%§ifiié§'56 é eecieion; eeﬁe aeeieiene just e evolve over
time (or ééiieest are made to seem that eay);'6tﬁer'ﬁeei§i6n§‘are made 55{
people who do mot think of themselves as decision makers (e:g:,
spperviééri monitoring and &ireetiig the behavior of subordinates or
systems); some dectsions are madelhy peepie who are not éffieiaiiy
réé&ghiiéﬁié as Eétiéiéﬁ nakere-(e;g;; aides to a senior effieiai);

Rather différent forms of regparch are needed to impreve decision L&niug

T -

in each,setting; a nunber of them are outlined be

° ﬁuitipéraaﬁ"éec1éiane. Decision theory m’thods are typical!

designed to explore and aggregate the beliefs and preferences ci - E-Viie'

individual. One apprdach to dealing with multiple decision makers is a

cemputatienal scheme for aggregating their beliefs and prefereneeé prier

to using them in & common decision meael (Rbhrbaughf 1979). Theoretical
/

work has suggested a variety of analytical aggrégation schemes. fAlthough

users. Another approach is to have the parties aggregate their
perapectives thrOUgh some etruetured intetaction (Sachman, 1975 Steiner,

1972);- This approach, vell Werked by students of the risky shift and ef
P?

systems that allow participants (perhaps at different sites) to go

through many rounda of interactions with varying communication channeis

and 5?656&6&;. For exampie, wiih decistona be reached more quickiy and

Al

_adopted more énthusiastically 1f the parties can observe visual images of

'
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| 4
o Evolving deciﬁioééi Insofar as decisions represent choices
. Sétieen alternative courses of action, any decision may be expressed as a_.
statement of action ("I [or we) will do~X") Such transiation of a “
‘complex decision process to its procedural implications can have
dra;;écké; ‘655 15 that Eﬁe underlying rationaie of iﬁ:iéiioﬁ is lost,

making 1t difficult to understand why things are dore the way they are, o

how to respond to new contingencieé; and when 1t 1s time to rethink the

to guesswork (e.g., an operator may be toild something to the effect of

"Figure out what 1s going on and then follow steps s1 to S "): A ¢}11’

third possibility 15 that procedures may have inte(pal inconsistenni:g or
be at cross—purposes, and people either do not reailize it or they téiliie

it BEE &6 not quite knoﬁ what ia'ﬁiong.i Systems that add rules over time

g ]
modeling, and experimenta; work might help people to diagnose the 1ogic i

-

of the systems that they deal with and that they are calied on to

‘g ‘
[ Unwitting decision makers: Just E any decision may be thought

of as an action, so may each action be thought of as a decision. Most
< ntndents of decision making would probabiy agree with the hypothesis that

people would be better off 1f ﬁé§ realized the decisions implicit in

". -

their actions, and structured them as such. For example, a superviaor

,,‘,,

contempigting the nhutdown of njplant because of a ﬁalfunction would make

iiéﬁE choices with even a rudimentary decisiod anaivsis (i:e., listing

al) possible courses of action, ikétéﬁiﬁg out possible consequences and .

. 48 - .,.I’:
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- executivés trying to sell. decfsioﬁ inalysés to old-»line senior .

. 24
‘ ‘ ?

cohtingencies, crudely working through the expected utilicy of each

actioﬁ); Such structuring has become part ‘of the training of some
EEdical itudéﬁts. The user of computerized imformation retrieval systems
(e *8.; Prestel, Teletext) might be usefully seen gs making a series of

decisions (aﬁéﬁ as: These alterriatives are ambiguous—-which gives e the
best chance of getting the informatiss I need? is it worth my time and

money to use the system on .this problem? 18 the answer I got complete

enough or should I keep working?). &?useful way to expioit existing

- a7

réséarch would be to tramslate it into crude aids; adapted “to the

conditions and probfrms of particular work settings (along with an v

evaluation of their efficacy). ¥

-0 Unofficial decisioﬁ makers. Seuior officials in many

organizations are too busy to make deliberative aualyses of the many

decisions they must consider. 'A common (and sensible) defense 13 to have

aides conduct the aﬁalyées; "For this strategem to work, the senior

official must communicate well enough with fhe aide to ensure that the .

appropriate problem is addressed thejfide must communicate well enough
V' :

with the senior official to ensure thaf the rationale behind the

decision-making me thod and the implicatioﬁs of its conclustons are

PR

understood well enough to hé rly represented and afforded due

consideration. eommunicatiou problems are likely to be particularly

great when the offictal m mustspreseﬁt the coﬁclusioﬁs to Eoﬁé,iarger

public or when the training of official and aide are quite different.

Cousider for exampile,; the difficulties experienced by public offfcials
A

. enunciating the pclicies devised by economists or by those of junior

; E

- executivesrz Batter methods of comﬁunication (and for realizing the lack

' .
. e
. . A
" ’ . | ot
TR

i . SR . .
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fl

of 1t) would be a useful addition to the software accompanying any
8eci§iohiﬁakiﬁ§ method. These wethods could apply to the front end of aﬁ
analysis (e.g., trsiﬁiﬁg films, practice exercises) or after it is

_complete (Federico, et al., 1980)

CONCLUSION

Decision aiding appears to be increasingly viable and popular. & variety
of software packages are currently being marketed and used; each offering.
somewhat different operationalizations of the basic model. If their
promises are not to outstrip their capabilitfes, they Gill&ﬁeé& to be
accompanied by behavorial research regarding how best to design and use
that software. The five problem areas desbriséa in this chaﬁtéf
represent topics for which research 1s likely to be particilarly useful .
and usable., | v

These projects require primariiy experimentai methods builﬁing QL
the theory and hardware already available. To be most effective they
need a context that affords ready contact vith decision theorists and
practiciﬁg decisioﬁ analysts. The former can solve the questions of

theory to which they are most suited; tbe latter can provide access to

their machines (and perhaps to their clients) and facilitate the

. translation froi research to practice.

™
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ELICITING INFORMATION FROM EXPERis

~

require a metallurgist to assess the lilielihood of a valve's fracturing
under an anticipated stress or a human factors expert to assess the
likelikood of its ‘failing to open due to faulty maintepance: Strategic
iy es may require substantive experts to assess the growth rate of the
Soviet economy or the ptoportion af its expendigcres directed to arms.

reports by fleld personnei of vhat seems to be nappening "at the fromt."

Air traffic control typicaiiy requirei succinct, unambiguous status
A

’prbcedures for establishing entttiement to social benefits assume that
lay people can report on those aspec%3’2f their own 11ves gbout which
they are the ranking experts. éﬁé%;s}i"ééﬁéi;i Bureau makes similar
assumptions when asking péaﬁia about their employment status, as a step

toward directing federal policies and jobs prograims. In product

1

The principal author of this chapter is Baruch wFischhoff.

Y
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iiabiiffy trials technical experts give evidence in a highly stylized
manner.

As van be seen from these examples, experts may talk to the consumers
of their advice directly, to éiiciiéié who then translate what they say
into & form usable by a computer; or to a computer: Insofar as computers

a

have been designed by people, all of these communicatian modes assume

must ask questions that people can sensibly answer. The recipients of 0

those answers must Interpret them with an appreciation of the errors adgsj
ambiguities they may conceal. The quality of that communicatipn 1s

likely to depend on the novelty of . the problems, the historic level of
interaction between questioner and answerer; and the quickness with which
miscommunications produce diagnostic signs. Poor elicitation by air
traffic controllers may become visible vety quickly; whereas employment

surveys may (and have) elicited biased responses and misdirected ecomomic

planning for years without the error's being detected. Particularly
clumsy elicitation may lead users to reject the eliciting system, thereby

avolding mistakes but also wasting the resources that have been invested ©

in 1ts désign.

New research about elicitation and the transiation of existing
research findings into wore usable form could benefif a wide variety of
enterprises: -Asythis chapter discusses, éiiéiiaiiaﬁkéé oot a fleld of -
inquiry or application in and of itself; but a function that recurs in
many problems. ;ﬁii créateg-iﬁeciai difficulties for the iééﬁﬁﬁiiiiég
and ﬁiééeﬁiﬁatiéﬁ g} knowledge about it: 7

<
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‘body of knowledge, thérésy reduclng the degree to which each system

BACKGROUND

Perhaps because elicitation 1s a part of many probleis Eat all of none,

1t has emerged neither as a discipline nor as an area that {s seen top
require special expertiiéi The typical assumption 1s that elicitation 1s
not a §artieﬁlar ﬁroﬁiem,\ii ioﬁgq;:\Things stay fairly iimple and one
uses common senses The validity of that assumption may not beysyestioned
until some egregious problem has c1ear1y artsen from a particuiar

fatlure. When problems arise, the lack of a coherent Body of ﬁnoaiedge

765& encourage ad hoc solutions, with little systematic testing or

accumulation of kﬁoGIEdée; Solutions are 3enerated from the resaurces of

those working on a particular problem and viewed from their narrow
perspective, ‘ v

One reason for aggregating these elicitation issues iito a atngie
cﬁaﬁter is 5; keep them from being orphaned, as parts of many probiema
for which éﬁefé 18 fo focus of responsibility. Another reason is to
Suggest that there are enough Fecurrent themes to generate a caﬁer&gi
deaigﬁer faced with an elict ation problen must start from 8cratch.
Although work may Btill focus on specific problegs, conceptualizing them

in a general way may ifcrease both the pool of talent‘they draw on and

the Breadth of perspecti?é Gith which thei{ solutions are interpreted and
”reportedu Bécause a’ mmon element of Eﬂeie projects is dealing with

»substaﬁtive experts, Eﬁéir eumulative impact should be to generate a

Y

better under, ‘ganding -of the judgmental Processes of jxperts.

43!
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i&é research B@éééJfa The fg;iowing'projéc:s are sufficiently
diverse that further details jare given within each context. In some
Q ,

7 o«
bq based. 'In o;hers; the proposed ;topic dpes not exist’'as a separate

pursuit, or at: least not within the context of human factors; the

literature cited is suggestive of the kinds of*iﬁﬁ?é&éﬁéi that haﬁe

.

’

RESEARCH ON ELICITATION

Ensuring a Common Frame of Reference

An obvious precondition for communication 18 ensuring that elicitor a:?
reSpondent are talking about the same .thing: In ordinary conversation

the participants have somg/Opportdnicy for detecting and rectifying

theory of potential (mis)interpretations must guide the question ,
cqmpbsars for management systems; accident report forms, Gi‘iﬁiéﬁéiic
diagnostic routines that rely on expert judgment.

Eﬂgsé‘ﬁr651Eﬁ§ are not, of caﬁréég unique to human factors. They are
probably best understood by professionals whose central concern for_the
iongesi periods of time has beén asking. questions; these inciude '
aﬁtﬁrbpdibgiits (Agar, 1980), linguists, historians (Hexter, 1971),

survey researchers (Payne, 1952) philosophera; ‘and some social

- . .
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psychologists (Rosenthal and Rosnow 1969). 1Two general conclusions thqg
2

one can derive from their work is t‘t the opportunities for

R

‘that the nature of possible specific misiﬁtérpretations 18 hard to ’

i t 1 . ~
imsg ne intui ive y )/j

rﬁé chances for g

that elicitor and respondent ctome fro different cultures and have

é

3
1ittle opportunity to interact. Systems designed by technical expe }'
for lay usera often fall fnto this category, especially when the d:
elicitation is far removed physicariy or temporally from the design
effort. Consider, for example, a computerized job search program that
requires unemployed workers to characterize thetr experience in terms of

one of the 12, 000 categories of the‘hictionary of Occupational Titlea

(BOT) code;(e.g.f handkerchief Presser). Although a considerable

inteilectual effort has gone into imposing a semblance of order on the

world of ﬁork. that order may be very poorly matched to the way“in which -:

applicants conceptualize their experience. Indeed. even those who elfcit
such information from job applicants and traqslate it into the DOT code
on a full-time basis may have considerabie difficulty. Similar problems
may face g system designed to clarify entitlement to social services or a

computerized system for diagnosing car or radio problems on the basis of

a usér's description of ptesenting symptoms . These;problems"may persist

Klthouéh the details of each prohlem é?é unique, seeing their coémmon
elementéléan enable designers to exploit a larger body of existing-
research and research methods. One strategy is iite-_ture reviews that
make dccessible the methods used by fields such as anthropology to

61 ¢
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: scommunication are likely to increase to the extent o
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. - . ) ' o . ¥, :
uncoﬁér misunderstandings. : Using these wethods with smail\ﬁampies of )’é',

users"prior to designing systems or in the early Itages of design couid
. effectively suggest minor changes or even major 1ssues (such as whether

the system could eVer stand alone, or whether it will always need a .

interpreter between it and the actuai user). Such strategies are

IS

dncreasing}y being used infsurvey design- they mayaeven lead ;o some . 2{.

¢ S

réuision 1n ‘the categories-of Justice bepartment statistics 80, as to mékeﬁ?f

'._tﬂﬁmumore compatible with the ways 1ﬁ which victtms of crimes]think'&bc;:

}_ éheir,experience (Nationa i ieseardh'Cou’cii; 1976):v
H ? i " . R .;7777 L o --‘,7
tegy 1s to review existing case studies'of
y
mishaps (e.g.f in dipiomacy, survey research .police work; or aoftware

Another research stra

design) for evidence of problems die to questioners and respondents

[

unwittingly Speaking different languageﬁ (Btooks and Bailar, 1978)- '§uch

studies would heip estabiish the(prevalence of such problema and.create a’
= : . ) - ) ‘ S
stock of cautionary tales for educational and motivational purposes:

a

A third strategy invoives experimental and observational studies of \j

groups ‘of individuals who reguiari communicate with one ﬁnother, in

the perspectives of their respondents might provide some productive - -
hypotheses and reveal some misconceptions worthy of correction.

%etter ways of»eliciting;information shouid.aiao suggest better ways.
of presenting it. Informing and counseling patients ihoht'medicai risks
is one area in which these problems are currently under' active study.(see

] Chapter 2).

ﬁ\
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Matching Questions to Mental Structures

' [f,'. ' [ ' - ) o .
A presumption of many elicitation efforts is that the respondent has an

 answer_to any question that the elicitor can'raiae (Turner and Martin, .i; [

” i) l:. S

i§8i); One contribUting factor to this belief. ta the fact that elicitors * 25

, oftén Eannot accept "ﬁéiﬁﬁgﬁéf; f&r an answerf needing some best guess at

factor may be the tendency, long knoﬁn to aurveyora, for reapondents to

offer opinions on even nonexittent”iasues, perhaps reflecting aome

feeling- that thei can,‘ahould, or must have opinions on eyerything. A ﬁuff

'
ﬁtﬁgry that presune a coherent store of knowiedge ﬁaiting to be tapped

third'faétor may be the eiicitoru' (intuitive or scientific) models of ;
b

,,,,,,,,,,, 3

whatever ﬁﬁéétion proves most useful to the eiicitor (Lindley, et al.,< 5;,

1979). L
7 S
Coping ﬁith situations in which the respondent has 1littlz or no

7/ ]

knoﬁiédge about the topic in question is deait Kith in the next section,

L

on “how to elicit assessments of information quaiity. Alternatively, the .i;:i?

reéﬁondént may have the needed information; but mot in the form required e

by the quéétion. Whenever there is incompatibi 7y between the way in

which knowledge 1s organized and the way in which it is eiicited, the

danger arises that the expert may not be used to Béit advantage, may
provide bisleading information, or may be se,g;med into doing a task to

Ghiéh his or her eipertiaé does not extend. For exampie; risk assessment

programs often require the designers of a technical! system to describe it
in terms of the logical interrelationships between various componénté

L]
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\
(including its human 6perators repair peOple, suppliers, etc:) and to

assess the probability of these components' failing at varioux rstesi

“perhaps as a function of several variables (Jennergren and Keeney,

l981). Gilven these jﬂdgmental inputs, these programs may perform

by

b4

miraculous simulations and calculations however, ‘the value of such
analyses is Eontinéent on the quality of the judgments. The processes by
which experts are recruited may or may not take into consideration the

need for these special skills. In s0me situations, no one may have tii-

Research designed tb'improve the compatibility of questions with the

way in which knowledge is stored should be guided by substantive the—*‘;g

about that storage as Well as practical knowledge of . the informatisa.
i —
needed. The citations given here represent different approaches to ¥

conceptualizing sucf mismatches between precise questions and differently

<

organized or unorganized Rnowledge. As an example of the kinds of

possibility that maﬂy experts experience the topies of their expertise

one by one, whereas elicitors often need a summary (e.g °y of the rate of

taréet\detections by sonar operators, the conditional probability of
/'
misreading an altimeter given a particular number of hours of flying

=I"

experience; the distribution of hearing deficits associated'with var ious

noise leveis). If experts are not:accustomed to ééﬁiegatfgg their

experience, then they will respond differentl§ to procedures that request

?zaégregate estimates immediately and those that focus first (and perhaps

v

entirely) on the recall of individual incidents (Fischhoff and Whipple,

o o o , -
1981). This particular research could build somewhat on probability

learning studies or attempts to distinguish between episodic and semantic
mem,o ry.

64
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Efforts to design the beat respbnse mode assiitie that respondents have

the knowledge that the elicitor needs, but not organiiéd in the most

convenient form: a moge troublesome situation arioes when they do not
: %,

'have fi organized at ‘all. 1In that case the elicitorii task becomes' to

b T - o
evoke aiikof?the relevant biti and'pieceai then devise somie scheme for
- ”ﬁ,,,lEL - S o o I

interpretuﬁg thém. Doing ao first requires discovering that incoherence

exists* wh ¢h may not be easy; insofar as a set of questions may elicit

‘ AN

consistentixesponses simply because it has consistently .imposed one &f

)-u’

o
. several possibii perspectives. . Although sensitive elicitors may already

be poking aro ﬂ creativeiy, there are\few codified and tented
w 7

,procedures. Such procedurea might involve standard seté of questions

designed to produce diversg perSpectives* which the respondent would theé

integrate to provi%e a best guess (or set of best guesses) for tke

‘problem at hand. For example one might always ank about case-by-case ,K\;

and aggregate estimat;y, in thiE order. .Such efforts dight. also prompt

. 'S z
-~ il

R L
and be helped by the dgvelopme t of mEmory models allowing for multiple

[

incoherent representatiéﬁé;

4;. - . 3

. '\ :

, . _
.

‘e

- - KQN R '
ieforéltiﬁing action on an eipert;E opinicn, one wants to know how good

that best giiess 1s. Great uncertaimty might prompt one to try to uncover

o

4 its sources or to take alternative Epnrses bf action (e g.’ hedging one's

lﬂ“bets). Although explicit assesaments of uncertainty are becoming ‘a

Sreater part of enterprise§ uuch as risk anaiyais (r:irléi; 1977);

S o 4 L - o , L
weather forecasting (ﬁurphy and Winklerf 1977), and strategic assessment

1]



‘making judgments in

id - . R ‘;‘

(Daly and Andriole, 1980), such experiences are rare for most people. A&s

one would expect in novel elicitation situations, the responses that
people give are not always to be trusted: Assessments of information 5

quality (or confidence or probability) have been the subject of extensive

- : S
_ research over the last decade (Lichtenstein, et al:, 1982). It has

prouced a fairly robust set of methods for eliciting uncertainty and a
moderately good understanding of human serformance in this regard: The
clearest finding 1s that §éé§ié'5666 a partftal but not complete

appreciation of the extent of their own knowledge. Most commonly, this

partial knowledge expresses itself 1n overconfidence, which seems qu.:e
impervious to most attempts at debiasing, except for intensive trainirg

5
(Fischhaff, 1982): I B

Many practical problems; could be solved in' this area with a moderate

{nvestment in completing the research that has already been started:

This research could use the atock,of elicitation- techniques already
available to understand better the Tange and potency of overconfidence
: _ s i

®w - -

‘Biééééi to clarify how worrisome they are, and to determine the most

effective training and how far it can be generalized. Of particular ¥
-~
interest 18 the extent to which experts are prone to these problems when

their areas of expertise; current evidence suggests
P . »)‘ ' ' - 777;77777; 3
is still inconclusive given the importance of the

that they are, but 1f

question (Spetzler jand Stael von Holstein; 1975). C :

developing and testing training procedures; identifying the least
blas-prone elicitdition methods for situations in which training is.
impossible or ineffective, and anticipating the extent of bias with
different methods and situations igﬂaraér to apply ad hoc corrections.
' CUN - o
:/ .6 t;‘ ) \, - - .

Vs - . . R . :
. B . : BN o
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Choosing between these stéps and implementing them efficiently will

- _require a more detailed understanding of the cognitive proc ssés'involved

in-representing and integrating probabilistic information. Althbugh
’existing research covers much of the ground between basic cognitive

psychology and field applications, it has not quite touched bases with

either extreme. ,Coping vith this practical problem might provoke some

e -

interesting theoretical vork in the representation of knowledge.‘

. )

Elicfting Systems _ Lt

-

IS

In the examples used in the preceding sections, the knowledge that
experts ‘were asked to provide dealt vith the components of some large

system (e .8., a fallire probability, a job choice, a burnout rate). At .
] u .

.times; however, experts are required to- describe the entire system
(Hayes—Roth et al., 1981) Software packages ‘that attempt £o elicit a
.;_big Picture include somei“‘?ﬁi *’; ) 5110 decision structuring. failure

on; 1981); Wa p

making, route planning, snd ECbndmic analysis. 16&&355&55 systems have

DAY

.been programmed well enough tO'Dork at ill;loﬁe must ascertain the degree i

,,,,, '/

of fidelity between the répresentations they _produce and the conceptual
or pnysieai systems theg are meant to model attempts to deveiop better
elicitation methéds or to- cope with known limits or errors should follow

(Brown and Van Lehn; 1980). The research strategies outlined beiow,
! ‘e

based in part on the initial work already begun and in part on
discussions with troubled ii}teﬁ elicitors, may sned‘soﬁe light on these
problems. 1In each case one would want to know whether a change in

. y .v; , 25 ‘ré;sﬁ

A
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"proceaure made a difference and; if so; whether one method would be
preferred 1n some or all situations: Because s liftle systematic
i . , i B C
knowledge 1s available on’ hoW results may vary with different éiicitition'

ﬁrdcéauréai generﬁkiiing‘the existing research fi ings should be done

[

o - Determining whether"formqlly equivaient ways of eliciting the

same information produce different responses. For example, a category,of

' events may be judged-differentty when considered es a whole and thn

disaggrégated into component categories.
o Evaluating’ the effectiveness of methods that require more il
. S
- : * less “deep”  (or analytical or inferéntiél) judgﬁents about Bystem

operation. For eiéﬁﬁlé; 1f a pracégg produces a distribution of events

judge something about .the data-generating process..'

-

o Varying the amount of feedback provided about how the elicited

systEﬁ operates. For example, when a simulation of an industrial process

-just to see 1f 1t produces more or less sensibie resuits. The expert
‘ could then introduce apparently needed &dj"stments. Such tinkering
should lead to successive impié&enénté iﬁ the Eaaéii'hbiEVErf 1t can also

s

infornstive) gesults: It also threatens the putative independence of the

tiodels created by different experts in areas such as ‘¢limatology and

- - :

nscroecononics:- Tbé ébﬁvé;géaéé of these aaaéla' predictions (about the

srgn of their validity.

m\‘."

future of the economy, for example) is ugéa as

In practice, however, econometricians monitor one ancther's models and

e T T
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e Sa &

o ﬁasegging experts' ability to. judge the cotipletpness of a

~répréaeniation; How vell can they tell whether all important componentg

" are out of eight are also ou of mind':once experts have begug to think
.aboﬁt a,ﬁodei_in a-particriag way) the acce-cibilbty of other 7
péfépéctiveé 1s agﬁfééiaiiy rediiced (Fischhoff, et al., 1978). if-tﬁié
is generalig'true, aﬁ elicitor ﬁignt'tr}'to evoke a variety of
;(é-perspéétives on the system superficialiy before pursuing any in depth (as
a sort of 1ntra—expert bratnatorming). ,*& |

;F.é'

Y

e . ‘Estimating Numericai Quantities
. e .

;C\

- K*common form of uncertainty is kﬁgging something about i-topié; but not

ify fact. If that fact 13 a number (e.g., thé number of tanks an

_r the percentage of thoee tanRs that are in operating order),

1t may be‘possible to use . -the reIated facts in a aystematic vay 1f one

can @ ise’a nuie or algorithm for composing them (trmstrong, 1977). The
vaiidityyof such estiﬁates depends on the appropriateness of the

'".a,f@i':aa-s

curacy of

$hns can make othérﬁiaé

oo L = '”);-"\
d 8ubject both to external 4%%

n -

gfean systematicaiiy update one 's e

ﬁ~§£out any component (51nger, 1971)

g and
y empirical

Such s .o

e

4|
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of algorithm efficacy as do exist seem concentrated on the solving of" |

deterministic logical problems for which all relevant evidence is

o .
: -
’

presented to the respondent and a clear criterion of success exists,

rather than estimation tasks in which the accuracy of the ea&imate wiil

-be unclear until some external validation is provided. tike any other

judgmental technique, algorithmic thinking could be more trouble tham it
1s worth 1f it increases confidence in- judgment more tﬁaa.iiriaﬁiavéé'
jodgment: | . . .
& 5ffaé§§ ?ééééich;prbject heré would be to compile a seét of
e B

plausible and generally applicable algorithmic stt§§egié§; ' Process

tracing of the jndgmental processes of expert estimators might bo voo

source'. The algorithms discovered in the study of logical problem'

isolving might be another. A subsequent project could attempt to teach

people to use these algorithms then;'looiing at the fidelity with whieh L

they can be applied; measure the accuracy of their results and their v

study- The best aIgorithms could then become part of management

-:information systems, decision support systems, and the like.

4

' B -
-ui

" Two interpretive literatire reviews might provide nseful adjuncts to
this research. One would look at work on mental‘arithmetic of the sort

I SR I
reqnired when people must execiite algorithms in their heads. Although

computational devices ahonld be able to eliminate the need for such

g

.exercises, judges :hyfatill be caught without ‘their tools or may use

. ,
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o . . * : .
- stimulug-presentation and response-mode effects (Poulton, 1977). That
literature shows the degree of variability in magnitude estfmation that
can arise from artifactual" chanées in procedure (e.g.; order of

alternative presentation kind of numbers used).

’
e ) I

[ - o .
~ - i
5 . .

L Detecting Reporting Bias’ .
The ﬁtéééafﬁij %
§ooLy

i g
tich

engaged in anégégest, unconflicted ag&empt to prod&ce a best estimate of

i

: , S e - . . -
b LT e e S -
3hiye assumed that Eiigitor&npﬁtrésponaegt are uﬁg

) L
‘Some quantity:'dr relationshtp. ﬁﬁen résegtch identifies difficulties—
I ;: ¢ \ C ., ~a
) .one assumes ‘& mutnal<3ood faith effgrt on the part of elicitors and

RS e ‘

experts to eliminate them. In the reai 36r1d however, many wrong

ansWers are deiiberate; their producers do not wish to have them either
détectéa or é&f?é&iéd{ If the citations given here are at all

representative,‘systematic misrepresentation has been of ‘greatest
_ interest to those concerned with the,sociai and economic context within

which behavior takes place. Such misrepresentations may be usefuiiy
divided into two Eateéoriee;' The first inciudes deliberate attempts to

deceive in order to gain some advantage. For eg;mple, economists

chronicaily mistrust verbal reports of people's preferences (i e€u; -

1

; surveys) for fear that respondents engage in strategic behavior, trygpg
L - o
to "put one over” on the questioner and distort tbe sqrvey s results
o S .
(Brookshire, et al., 1976). Some critics of survey Eesearch are even

idvocatiné that respondents do so deiiberately 80 iﬁ*to 8top the survey

juggernaut (see Turmer and Martin, 198X), as do some people in o ' (




Y

N s
. . - -

wish to see them fail. ' ' o ' 5 @
. fﬁeIEEC6hd category of misreports reflects cultiiral or subcultural
N \
o5 i)h‘.‘ét‘h’isi; In a business or military unit, for example, Optimism (or

grousing) may be the norm for coununication between members of some ranks

(Tihansky, 1976). Or there may be a norm of exaggeraéing one's wealth or

weight; Those who share the norms «now how to recode the spoken word! to
gain a more ‘accurate assessmei‘ however, mechanical system. aesiyz ..

people outside thé'éultuié\aay'iéﬁé those reports at face valie and

thereby introdiuce systematic errors inte their workings..

Although iﬁ?éétigating misreporving is likeiy to be quite diriinoe, ;

'

identifying 1t 1s part of systms design. One way to start is to review .

(e.g.;, sociology, economics): A secong'is to%g{erview~experte off tﬁe

g g el - M el ____ - -

record about how (and how often)uthey tri to manipulate systems that pose

‘questions to them: A third 18 to observe ongoing elicitations for which
F =

it 1is possibile to vaiidaté responses.-

Difficulties* once~identified3 must Etiii be treétéa. One method is

to institute penalties for misreporting. A second is to make cﬁnsistency*iﬁg

checks to detect erfbrs. A third ‘s to eliminatp the reasons for we

v

_misrepgrting (e.g.; ensuring égrfideﬁtialit?), A fourth is to cog("ct .
wisreports for known biases. ‘raE erémpié' the Central Electricity “
Genenating Board in Great Britatnﬂéiscoverfd that 1t could quite
-
accurately preuict the time qeeded to return a power station to operétiéﬁ
- by ddu;iiﬁé the time estimates reported 55 the chief piaﬁt'éugihéérs,
" orie diffiéﬁity with such adjGstments is Efmt pébpie may change tﬁé\ir

erQrting précticea 1f thL” find out about them (kidd,; 1970)-

78
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Many planning and design activities aré heavily guided by reports .of past "
¥  events, particularly accidents or other %aiiures (Petzoldt, iéii;

ﬁasmussen, i§é65; Ote reconstructs the way in which a system should have

. operated, contrasts that with the way in wh i ctuhiiy operated, and

4

_and enac» ngypenalties along the way). N

;rebtospections are inevitably colored by the reporter B l

—- I e T e e
e - \D-‘—‘-"- —w. . j. fﬁ

knowiedge of what has happened.‘ As common sense suggests and the

citations below partially document, that coloring can be the source of

<
%

need®d detiii or of systematic distortion. 1t has been -found, for

-

;Example that people seem to exaggerate in hfbdsi£ ht what could have’ been

'

(and waq) known in foresight' they use explanatory schemes 80 complicated

P

-

and so poorly specified as. to defy empirical test- they remember peoplev

3 . - I
as having been ‘more like their’present selves than was aétﬁally the case;
1 ] -
the& fail to~ remember crucial acts that they'themselves perforbed. These
~ ,‘

,problems seem 'té

One needed §rojéct;1§ to make these studies available to those
en"g’ag’e’d in eliciting or using retrospective reports. Anoth%dii to

attempt to replicate them in human factors domains. of particular
- b -
interest are cases in which the direction of bias haa ‘been docnmented 3 -,
]
sufficiently to allow recglibration of biased retrospections: In cases
: . : <

o,

t

o



R in which distortions are less predictabie, techniques shOuld be developed

7

to help experts reconstruct their view of the situation before, during,
and after the event. For,example, snch research may show that people

exaggératé the probab’ility’ they assigned (or bouid have assigned§ to. past
'1

events before ‘they occurred by abont 20 percént; on the average. That
knowledge may make it possible to adjust retruj'ictive probﬁbility /
assessments, but not to eliminate distortions in the way‘particular

events and causal links are drawn.

@

é For assigning blaﬁe or understanding how an accident, gituation looked

to an operator juqt before things started to go wrong, strict;(qﬁpﬁxéiij

”reconstruction is essential. For understanding how the aystem acLual,y

operates, one needs to be wary of 'the danger that experts hdve léarned
A B [ T

}

and genetality of the causal forces involved. Cénerals who ‘prepare for

i,'thepllst var may fit this stereotype, as may the operators of supervisory

control systems who respond to each ﬁishap by ensuring that it will not

happen again, then rest confideut that the system as a whole 158 now

<

fail—safe.' - . N S

Three research strategies appear to offer some promise for clarifying

these questions. One is to review the reporta’of historians, judges,

journaltsts, 'atid others aSaat‘ﬁai they detect and avoid biases. A second

is to do thébry:béséd éprriménts, looking at how memory accommodates new

s . N -
nformation, particularly to see whtch procesus *l'e reversible. 'rrhé

th d 18 ‘research on debiasing, f@SEiﬁg at the effect of directly warning
) -

o people, of raising the stakes ridin§ a deci 1on or of instructing

them to change the structure of the task,t? one' thu; unes their

y &

inteitectual skills to better advAn age.

. | 741 | %

72 I
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= CONCLUSION

Eliciting inforﬁétion fraa Eiﬁerts.inccessfully is important to a variety

of systems and organizations. The cxre taken in eligitation varies

graatiy, from detailed studies of the eilicitation of some specific

recurrent judgments, to careful deliberations unsupported by empi:ical
research, to casuai solutions. Even though elicitation is not a

discipline per se, research such a@s that suggested in this chapter could

focus more attention on it aﬁa make a body of kﬁaaiéagé accessible to

aésignérs. In part,; that knowledge would be borrowed from related: fieids

(with suitable translations); in part it would be created express?& to
solve human factors problems: Some of these projects coﬁiﬁ;sé undertaken
in théir own righf: others would be best developed as part of ongoing

;projects, with more emphasis'on elicitarion than might otherwise be the
case. The interdisciplinary aspect of many projects may generate
] ~ L
interest in human factors problems on the part of workers in other fields
- - .

(e:g:, memory representation, workplace éhiturej, and their expertise
f A 4 .
could contriblite to human factors research:

X

N

~
'
o~
7 |
2
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1

ﬁ.afhﬁ\:ase of a failure or aéifﬁﬁéEi6, h a system component - - (3)

L S . L B o 7: e
7program changes in inputs or contr o serve
N A VRN - ' >, . ! 1

. 1
In the past 15 years the inirdduction,of automation into working
en?iroﬁﬁénts haa created more and more jobs in which operators are given

very high 1evels of responsibiitty and’ very little to dos The degree of

(-
Tres anibilit and the amount of work var from position to ositionf but
P y y P P

the définfng prOperties of’ such jobs arE' (l) The operagor has overall

A . Y

responstbiiity for control of a systemﬂthat; under normai operating
condittons requires only occasional fine tuning of system parametérs in .

order to maintain satisfactory performance. (2) > major ‘tasks are to -

e a5 & backup in

i
ol

tant participation ia‘syat&ﬁ operation occurs infrequently and at

Tmpo:

(4
uag;éaiefasié Eimes; (4) The time constraint' assoclated with .
particlpation when it occurs, can ‘be very short, of the order ‘of a few ' .

- Fischhoff, .£ '~ Posner, and Richard W. Pew.

seconds or ﬁinufes: (5) The valies and costs associated with operator

decisions ‘can be very 1arge. (6) Good performance requires rapid

¥

The principal authors of this chapter are’ Thomas. B. Sheridan, ia;ucﬁ -
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S . These. kinds of ﬂobs are found in the process control industries, such
-~ g . ) ‘
as chemical plants and nnclear power plants: They are involved in the

S .

control of aircraft ships— sg}furban rapid trans¥t systems, robotic

3
-

remote control sysé§ns for inspection and manipulation in the deep oceadn,

8

9 .
and computer—aided manufscturing. They are invoived in medical

hd ’

pstient-ﬁonitoring systems and 1aw enforcement informxtion and control

systems. As coﬁpnter aids are introduced into military commasd and

-the concept deveiopment stage (U. S. Army Research Institute, 1. 763,

LaP R
mxyg?‘ﬁh

other services have similar projects under develoﬁﬁént;’. ;';

The .human factors probiems; involved in supervisory control systéms
can be classifed into five categories.

1. Display. In the past these systems have used large arrays of

»

' meters and gauges 65‘5&&1‘53&" situation boards and control panels to display

information,; with the generai gosi of displaying everything, because one

J"'iiiéiié.f Eiaaa exactiy what wiii be needed. Little attention ‘has been paid

‘to the need to assimiiate diverse information sources into coherent

patterns for making inferences simﬁiy .and directly. Today computers are

being used more and more in the controi of these operations, large

-

display panels are being coiiapsed into compnter—genersted displays that

can call up\the *geded information on demand. These deveiopments in

-~ .

pﬂysical technogogy fare pushing human factors engineers to devise better

v

X H%%ét&iiste interpretction and relisble decisions by operators. Also
K

[ -

- L] R I
n%eded are better means of~sccessing inf’oriiiati;gn'5 ﬂééns that are not




; situstions. : ;"?v"xﬁ

2. Coﬁﬁ&ﬁd. The emergence of powerful Computers and robotic devices
P ————— s

has necessitated the deveiopment of better “command languages, by which

6per§Eors can convéj‘instructions to a lower-level intéliiéenée; pevhéps ,?

giving examples Qr hints«and providing criteria or preferenceS* and doing

it in a communication‘mode thas is natural an¢*adaptab1e to different

e

people and 1inguistit styies. R

o

3. epéxator 5 Hodel. We alsc lack well-developed methodologies for

_ idenrffying the internal conceptual model on the basis of ﬁhiéhién
operutor ijfenpts to solve a problem. (This has siso_ﬁeén ééiléd the
operator:s sy&teﬁ iﬁéger picture*,or problem spaee.) Incorrect”
operstOr 3 modeis can lead to disastrous results (e.g:t fﬁréekﬁile )

\

Island), itﬁgs obviously a matter of utmost Importance for opefators of

miIitary command and control systems to acquire propér.conceptuél models ‘
and keep the@ updated onQﬁ Eoﬁent-by—moment basis in times of crisis. B S ‘
L;;,ﬁoriioéa. Ve have no good priﬂ%ipiEs of job design for . . '5_ &

operations in supervisory eontrol systems, in part EECa’

extremeiy difficult to measure or eﬁiiiate the mental wor
involved. They t@%d to be highly t;nnsient varying from<ij‘ht and

' boring when the-ibfk 1s routine to extrémely (Jemanding when a&Eiis'n 1%

criticals At present there is no consensus oh whet _mental workiosd i

- » .
hoﬁ: mer hre it, especiaiiy in the sontem; of sup ispry controi; o °

r

i-_!lroficiency and_Error;; ras‘ués of E;éipfn"'j nd pro y - -,
maintenance are criticsi in this kinq oiinperptigg becsuse éacﬁAQVent is .
= .

S ) N It&'g

: ¥ =
ip some iense unique and is drawn from aé;’xtremely Jarge set of e ] 2
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PR
of theqyatem.y It is not easy "to nnttctpate what types of errom wﬂ:i
. R , .
) . . ‘ . ¥ -
v : occur or hovl to tr‘to preveﬁf thems ' .- o
- » :‘;c . - “ { ¢ 7;"'7 o .
3o
i ’ ad e

1y

*SUPERVISORY CORTROL YN DLFFENENT APPLIC

LT

S Vg ’ v / )
. P This section, adapted frp&Sheridaﬁ (1982, provides briéf comparisons

.\’ w
and con<rasts aqsng differenE’ applications of supervisory control

. systemst process c?trol, vehicle

A,
. ’ P
- v _ ~ '—"‘:},
- S Iy
.

groééﬁ"s"égntrol" Y

) . R : n _ X . E

. . . ﬁ- . X s . ¢ s v ,
Y : . L g 4 .o
" - -

The term Erocess usualiy refers \Eo a. dy'namic 8YS, tea, sneif-iiis afaé@

il

P

e ?
X 5 N ﬁ 4-\— ’ %
1 or nuclear pqﬂrer g%nerattng pIant or a'ieiiii’cal or oil p;oduct

17‘ ‘1‘9&- _)f?picalJ% t.i:me cons

rd
; .
9 /““\, eiapse after a con%oi action 18 taken before moet %
_ o . & - . ; .

is comj 1ete. - - ww ?/.‘T - = ‘:9—7 DERE
- A, p‘\ C g ' / ) ‘ K {

. Most such— rocesses- iniio we lafge fitructures Wit glgids flﬁwin.g\ff}?u\
g \J V- kI N
.. one plﬁyt‘o another and ;ioi

“ﬁk\f heat éﬁergy to af ect thé
- 'i,, g;wfd o‘znvice/veréé’- Typicaﬁi sw:h s}skemsltn‘oive multiple person}e

- B *. z

Lt T
n’md at lea gome of he peopie move from® ne

o ,end muthiple mach} X

dceas tq/another. UsuaIly there isé cenb}aftﬂol

7;j7.;77777 ‘ 7-3\ ‘;

< ed signals are displayed and whete v(lves,t.pump)s;




,-ﬂ ~
;;; Snpervisory control has been emerging d% an elemeng\}ﬁgfbcess

>~

P

e ~ahbﬁgqpl for sever ral decades. Startihg with ti@gtromechanical controllers
, 1 )

: <3 ,
or control station’rfhat could be adjustgd by Fﬁe operttor to maintaiu -

s

33 Eértiin variables withinxiimrts (a home thermostat ts an example),
A - n ‘3

'special electronic circuits 3radually tePIaceJ the eiectromechanical

ot ,. function. iin Buch systems thé oE§§

- . _ : 8
) loop by swib&hing to manual control. Usuﬂily>%ach control station ‘

v

N

displéys botb the vartable being conbrolied (e.g., roo;;temperature for i
o [0 & E

-

¢ the thermostat) the contrdl signal (; g., the flow of heft
/

-furnnce) ﬁaay such nmn%al control devices mxy be lined up in thg
Mp L _ .
control room,«toggther with manu 1 switches and VﬁIves, gtatus 1

’ s dials and recordingvdisplayu, and as many as I SOanlarms or

(W]

annuncia:orsb-windoggithat light .up fo indgyate nhat.plant variible has

just gone above or below 1imit§.f From Hhe pattgfﬁ -of thés er l é% 7e g.j

‘

l

o - i R A,;.
Sd% in the first minute of a_ lonﬁyyfncoolant acciﬁ%nt and 809*in the;

(.
nt, in a large new nucleag piant) the

LA

| : A 7 . |
" The large, §Enef§l-purposef 7”7"_’ s found its way into process-

]
- . L

| control. Mpstesd of guictpie,

&ent -gonveq ional K -

proportionai-integral-derivative controllei;gfor each variable théz;.. DN e
; 7 : .

computer can\trea!’the set of variables as @ ;éctoriiﬁa coﬁﬁute the., = o

“

control trajectory at-would be optimal (in [0 sense o iqk‘st. most .
_ P ; y . . N “ d

_&_ > . 1,_;1 ~ .
4fef 61-3!% or whatever criterion is’ important) :~cause there are mzny )

more interactions tha”V 7 nniﬂbr of vnriables f ;¥

operat

’77 :* ~ B 7777;;.",
gr;;tér than before.

e . ‘__}*_7_;

I &3

e
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' -
Mile Island, to deve.lop displays that integrate

infdrmation and ailow thg operator to- tssue commands ,

in a natnrai‘, efficicnt, and reliabile mmner.‘ The nerm szst Bta:Le,

, % vectdi‘ is a fa/al;,rQnable wvay to describé t[ display of dnimal cgi
' 'ﬂ;( ,’\ /'imfﬁ?rmad‘ion (using Go As Miller 8 vell-kn ' inoldg$ e

meaning about the cur{ent state vector of vaf‘tables, vh

3
.

the past, and. where tt is\like{y to g‘o in the, near f

¥

. ; . .
r . k . #. B
. LI . . - - 7: : _ .

N

T Vetiicle Codlgrol

-

o BT N ]
. . . . - A S ™ I

- ; \ A ! . S e - - R
S y o L TR

Unlike the processes dei/crtbed above, vehiﬁ.es mpove thmugh--._"”'"
Y ,

.

carry,;,their operé%ors with them or
a’

-~

fare controlled remqteiy.

: - .;‘

types of vehicles have come under ﬂ significant degreé\qf su
o .|,

¢ . _ 2 iy

§‘ . controi in last 30 yéarm.

s o S

peg'?j:,‘f/‘.' _

?/ ’ their tnteraction Ari th thf

€\ other word $y there are¢ n!ob%ti%les and o unptedictable traffu:

l

';.jg - about. It vras in spacecraft, especiaiiyﬁpollo, t}lat human oper
e 7

T were highly Lskiflled '

éontinupus qan(ral conttﬂi test pilots or jo _

- : ¢ \ S
- ’”tjjk j keys ) had te adapt to a cﬂnpieteiy pew wé%of getting~
e 2 {'!'% e venil

information from/the vehicle an‘Zgiving &‘F ds--ghis new wa?v wés to .

g o «~ L ..
the cquputer. . The astrgnauts .had.to iﬁrn © use a ‘dI@ple/ n.o

-

rd with pr?grams (diffetent funictions appropriaee t'b’ difﬁrent

-
-

’me&f’pﬁ n%ns)’.*

1

N -

— mission phases), néuns (operands, or d“aito be ressed or proce d) -

N - OoF e [ T
¥
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‘ 77 \) . ‘ ’ Loedle — L . :’ . ‘n ;
. Of agurse, the astrd”auts still performed gucertain number of
continupus cont:Z) functioiia. 'fhey controlled ;the orieytation of the . @
N w4 Lo
-vehici% and’ man vered it to accomplish star aightiﬂg, thriist—,' ) hd o f‘

Féﬁaeiv{ﬁiaq} aﬁd lunar landing. But; as is not. §enerally

r

;. Co Ehe public, c%ntrol in each of thesq mode‘s vas heaviiy afded. - Not: onl(y

i
5 Were the mnual control loops themselvea stabilized by electronicsf Eut

-

;'also nonmanual ﬁutomatic contr‘ol functions were being sgmultaneo y R 1

.,4,;‘ .

. .
‘ v 4
u e

xeguted and coordinated vith wha*t the astronaiita'tiid,; S

B r\’ Y In commercial :i;'d military aircraft tb’ere has been’ jnotre’/a’ri’d‘ more. ‘ 7
sup;rvisory control in the ‘last decade‘?oi’ twg. - Commerci‘al ﬁiloté are “
""‘.'-‘ Sall;d flight* mailers irg ?tive of the fact that ey must allqct\ﬁe : “‘» ‘7:7.‘,.
K ‘h‘&ir att:ention anl:ong a Iargé nmnber of separatse but complex - ﬁ “
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POPULATION GROUP DIFFE

age levels. Attempts to classify, describe, I

serfy and nedlemen, slaves and masters, ang ba
persons. ~t was not until the nineteenth cent
srudy of individual and group differences assu




L 4

. occupations. : L

'classifying mentail illnesses, but our co

Since Calgﬁﬁ; investigations of individual and group differenices
carried out by psychologists, anthxopologists, and sociologists number in

the hundreds of thousands. There is & psychological journal The Joutnai
~——¢ Journal

of Cross Cuitnral Psychology, entirely devoted to studies of this kind:

One of the most important applications of this work in psychology has

been the development of a multimillion dollar testing industry.

Psychologists have devised hundreds of tests of ability, achievemeut;

sRills knowledge, and personality (Buross 1978) that are used routinely

One of the most ambltious and thorough attempts to relate individuai

characteristics of workers to job requirements {x the Dictionary of

e . - _ [, - = - ’ L S ,7,?,,,,
Dccupationalelitléﬁ.(U.S. Department of "Labor; 1977). This compendium~

glves profiles of the educational ?ptitude, interest, physical, and

L —

temperament characteristics required of a worker to achieve ayerage

.

successful job performance .in thousands’ of occupations. The gilitafv

_ services have tried to do something similar on a more modest sa&ié;: In .

Handbook (Air Force Systems Command,i’ 1969) specifies .that tasks should be

rated along six dimensiO”” amhient;eﬁvironment; equipment

characteristics; mental demands; physical demands, hazard exposure, and
task criticality.: Figure 6-1 shows the three levels of mental demands
ithat may be Tequired of people by various duties and tasks. -

t L /

2

1Tests are also used for other purposes Jggt example, diagnosing and

rn here is with job-related
activities, - o '

1



CODE 1 requires’ little or no formal training, just a baﬁic introdnction
“to the task; a;;iity‘fo follow relatively simple writteﬂ or oral

inTte ttle judgment, since only elementarﬂ decisions involved;
little concentration, little or no recall of releMdat knovlédge for

decisions or inference; only precise determinations, such as GO/NO~GO,

’ UP/DOWN, MGRf/tESS’ YES/NO ALL/NONE CORRECT/INCORRE ;ubtc.

k-

CODE 2 requires moderate technical knowledge and train{gi -gome abiiity

to adjust to changing situations occasional exercise of. judgment

involving use of technical knowledge' ability td‘upderstqu and use

technical manuals; some initihtive and ingenuity required; occasional

‘recall of relevant knowledge’and experience of the . .practjc c&l type for

decisions or inferendes; decisions involving someWhat detailed procedures

e

or measurements, &s in assembling, disassembling, installing, removingg

inspecting, testing, operating, adjusting, computing, monitoring,

servictng, etc:

-

continuous .concentration;, with attention to advanced and involved

elements of the task; continuous exercise of a high degree of judgmeg;,
with decisions based on varied and complex factors requiring

understanding of underlying principles and procedures; extensive recall

of relevant and precise knowledge and experience for decisions and

inferences frequent decisions at the theoretical and abstract level

precise and detailed analysis correlating, computing, organizing, and

sequencing of processes or data; as in variable emergency procedures,

'troubleshooting, planning, scheduling; etc:

‘N |

z ) . / .
; ] 1

FIGURE 6-1 Classification of the Mental Demands Made on Persortmel.by

Duties and Tasks

Source: &lr Force Systems Command (1969).

; 194
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most of these classifications 16 that the job or the occupation is-a

measgremeg}ﬁof the human baay. It is possible to write equipment design

Although {t is seldom explicitly stated; the underlyipg rationale of

b‘p

given, a fixed quantity. The aim of personnel selection is the:efore to

find persons who have the abilities, skiiis, and other characteriiticn
o PErEOng
required to perform particular jobs. From the* standppint of human

factors; however, a job 1s not a fixed quantity but rather something that

.can be modified arnd designed to fit people with, varying characteristics.

N

Thus it becomes important to know in what ways people vary anéij how

much. 1Id this area there are serious gaps in our Rnoﬁieaéé; The most

‘ thorough translatioﬁ of individuai difference data into aégiga

’

requirements has been done in the fleld of anthropometry, wﬁiéﬁ involves

specifications so that the equipment will fit 90 percent; 95 percent, or
any other proportion of a particular user population. The information

necessary to write equally precise- dé%ign specifications for other human

. -

dimensions and characteristics* hOWever is not aviifgble.

Attempts have been.made to do that, biut further fééééféﬁ is needed on
tnis complex proolem.; The Air Force's six task dimensions of ambient 5
env1ronment, equipment characteristics‘ physical demands; ‘Pazard

expoSUre and task criticality are a good initiai effort (see Table 6- 1),

of the brbza range of equipment characteristics, complete criteria are

S e . _ &
not presented here: The following are merely suggested guidelines”
(Section DN4C3, p- 13). For example, the manual states that Code 1
. . ) _
- - complex but é&édﬁétéi§ designed for ease of use. . .

equipment is

What the definition does not specify is ease of use for whoim.

Something that 15 easy for an astronaut to use may be completely beyond

195 _
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TAMLE 6-1 Claani(ication of Zquipment Characteristica and Task Criticality of Varlous Thaks

- R . . N

[
R

e o . '

Code  Fquipment Charscteristice : ", Task Criticallty

¥

! Fquipment fo simpie and prenedts no operlfing ot <#xoko that ate not crittcal to the Opcratton of
maintenance problems In telatlon to the Duty or ;/,ihe aystem ot aubsyatem; Lf they are not accom-

Taska; equipment complex but_adequately designed—" plished correctly, there will be no signt{fcant °
fot edde of ume; equlpwent alaplifles taak per- effect on the operational capabilities of the
f@iiiﬁ@i;7Hﬁiiﬁf§6§iﬁ€éiiﬁ§ principles system or the success of {ts designed minsfon;
effeqtively apptied to all aspeces; no featuras , fmpropet performance way have some effact on @
Impose a burden on human capabliities; etc.  *  subsystem operation, but would not feopardize

the overall system performance or mission

_ succens.,

1 flumah rnglneerlng character{stice unr;lnal; Tanks that are critical for uubuyutrn operation
Accedn for repalt of replacement possible, bat and may resulc fn bome system degradation {1f not
difflcult; wome controls or displays violate correctly performed; taska whose fallure pernite

~mlnor poputntlon stereotypes; layout'of con- sone operational capablliity hut degrades the
teole and displays permitn, but does not _ appllcable sybayaten to the extent that only
» facliitate performance; displays moderately - partial misslon_auccess cdn be achieved; tasks .
dLlElcult to read ot luterpret; conttols some- thac affact equtpment which ta tWportant to the
vhat diw[cult to reach or manipulate; ete. rp;}gygfgagabulgfo[ft[\g system but where
alternate modes may be gelected; tankd: vhose
‘illlure vould reatrict the systea {n Lts.
- prinary mianton, bt Would ot prevedt the
' ‘ selection of other targets of Opportunlty. E
3 - . tanks vhere malfuncttons might make ft '
, &),;”/ N ' {mpoasible to deliver.atorés by electronic
L > ‘ actustion but vill permit manual delivery.

) Equipment unsultable for proper task perfor- ggago gbag_qqg;_be parformed cortectly since
mance; {nsiifflclent lﬁfornntton presented in they are critical to nission success; vith task
displays; displays illegible; gogtgglgfiii B failute the syatem may continue to i6tiill;§£;75 '
pxtrensty diEftcult or Impossible to reach or ite basic capability; such an flying, may not be
manipulate; equipment requires thtee hands to affected) but 1te operatlonal effect{venens {s
operate; access for maintensnes iiiiiﬁiii degraded to an unacceptable level or niseion
dlfflcult ot {mposaible; ete. - folff1iwent {a teddered {mpossible.

4 , [th iﬁhlltiblé té'édﬁibieﬁt thiiiétériitléa;l " Taaks vhich; }f,not,perforuéd corcectly, render

.+ the systen conpletely {hoperative and Incapabla
‘ : ‘igf performing {ts mission, '
Soitcei KLt Porce Systeds Command (1969). ; Lo

i 4 i.1 1‘.““’7

Eﬁf&f:m;;ﬂ | 19F {  . | | o
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yos
, -

the capabilities 3f an individuai bitﬁ only an elegentary school

édttétibﬁ. To state the prbblem expllcltly, ve do not know exagziy how

with average 1935 people with 1Qs as low as 86 people with fif:h—grade
< . -

teadiﬁg aBiiitiéE or people for whom End&ish is a Eétond language.

THE IMPACT OF FEDERAL ANTIDISCRIMINATION LEGISLATION

v

Antidiscrimination legislation has focused attention on buman factors
issues Telated both tc campiyiﬁg witﬁ'légisiaiieé requirements and.

o the past, As a result there is incregsed concern dver_tbé interaction
S o» T s o S S
of individual differences with Pprograms such as Jjob redesign and training

as well as over organizational attitﬂdes toward various pépulations

-3

(e.g.; the élaétiy) E55c1ai§ constrain their performance.

As a result of the U.S. Civil Rights Act, féa ral guidelines hav
been developed concerning ﬁétébhﬁéi decisions that affect protected
classes; vhich include: American iaaiaé.a; Alaskian natives, blacks é%é
of Hispanic origin, Hispanics, and Asian or Pacific I&landers. ino

addition, federal legislation has madé it 11legal to Wiscriminate on the

; Bégig of sex; age, or aiéébiiity;. Any personnel action resulting in

&

workplace redesign selection for training, and the use of trainlng as a

/

basis for promotion. = - 197 ‘




iégéi actions resulting i;om'charge’ 6f£aib2tiﬁihéti6h have c qf
stimulated research on the pfécédﬁfﬁé necessary to assess the validity of

these types of personnel practices; how
N - o 7777:77777777 “7 B ) . i .

-to. validate selection tests o

' ' . - LN

been on theestablishment of procedures
© (American ﬁéycﬁdiﬁgicai;ﬁéébéiéfiaﬁ; 9?0). ‘gimilar concerns are being

expressed about methodologies for'evaiu%tiné<;faining and Job redesign

. «(Bartlett, 1978): The rgsearch emphasis has been on establishing data

. bases, 8o that iflis pbssiﬁie to design programs that do not ﬁé§é adverse

imp$Ct; : : ij . ;/ A o
. As & consequence of;;ﬁii&iééiiéiﬁﬁtiéﬁ‘léﬁiSIAtidﬁ as well as social

éﬁd;étbﬁdﬁié factors, peaﬁieufgdm special 56§ﬁiéfiéﬁ groups are moving

them. An example is women who are entering managerial and blue-collar .

jobs and the military Eétvitéé. The wmilitary services are also accepting
more people (male and female) who ha§e'iower ability as measured by

traditional academic aptitude feasures. These changes in the composition
of the work ?6EE§ éﬁaliﬁé-érﬁéd gservices have revealed an important

© problem in addition:to the human factors issues.of designipg jobs; -

equipment, and training to accommodate individual} differemces: It has
ouly recently Bééﬁ;iééégﬁizéa that organizational attitudes toward people
entering nontraditional jobs may adversely affect productivity by
Jhindering their performance and constraining occiupational aspirations::
‘ ’




1

SEX AND JOB' PERFORMANCE

\

« and job performance. Despite .

rigdrbus recruiting and c&pprehensive training efforts, the women

recruited into a particular job dropped from training at an average rate
of SO percent; and the women who completed training usually did not last
a full year on the job. & task _Eﬁéiﬁié;&jﬁijéb iﬁa;cséea that ‘the
physical tasks were extremely difficult % to perform;
furtﬁetﬁths this analysis determined which tasks were Eiﬁéiﬁé the EGEE

just as the force required to raise it was increasing: A& fibéfgiaés tube

push the ladder against the buiiding much more easily. As a result
workefrs who were 5 foot 2 inches weighing 120 pounds were. able to raise a

72 lb iadder with one hand: These and other desigﬁgﬁbdifitétidﬁé not

L o - L~ . _ o . _ .

only allowed women ‘o pé??drm the job biit also resulted in fewer back
J

injuties %or men. ’ )

vi



» 1

faS;

AGE AND JOB PERFORMANCE

discrimination legislation and rulings against forced retirement are .

resulting in a larger number of older people in the work force. Many of i
- - N

these indtviduals will require additifonal training as a result of 565 ’

777777 R P -~

shifts;- technological changes;, or simply interest.in a new career. The S

Thomas's (1973) study of the views of employment interviewers, They &

noted that 50-year-old workers were viewed as the most difficult to place
during a recession, the most difficult for an employer to train, 'and the
least able to maintain production schediles. These views are based on

preconceived beliefs that older workers cannot perform as well on the job

and cannot easily acquire new skills. Data relevant to these questions
are virtually nonexistent; a thbtduéh review (Fozard and Popkin, 1978) of
perceptual amd cognitive data analyzed by age reinforces the view that

3

there aré few data relevant to work situations. Mich of that reviéw is
based on data from laboratory experiments on topics such as paired - .
associate learning, iconic memory, and visual discrimination, making

generalizations to ﬁétkléitﬁétions hazardous at best.
. o . . ~ e .
The deficient state of this research is summarized in Sheppard's

Cema N Tt o
*€1970) generalizations about basic research on aging and job :
S A . . : . X -
“5&%?6?&56665 The research fails to differentiate various aspects of the
work situation; including physical; psychomotor; sensory; and social

" ) . E?()E;k
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10

.
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- . % B S o
charéctéristgcs; most of thé emphasis is on éﬁéiééé ﬁérformance; with

3

differenc’é aba; there is.a blind faith in trend extrapolations. If

»

——————

[

simpiy assumed that workers -ages 40- -50 wiil have even loWer morale.

A good ékéﬁbié_df the iﬁﬁiiéaiiaﬁé of our lack of kﬁdﬁiédgé is

that although the average risk of acute _iti'ca:'p'é'citétibti increases with
agéd, there are large individual differences. 1In a”ci'cii_ti'o'ti; while there
are decreases in capacity, ééée?_bx acéura;y of atte%tidﬁ;'ﬁéﬁbty; and”
intellectual skills with increa'sing age, there is also evidence that
well-practiced skills may not show any age-related deciine. The report

concludes that there is a need for research on age-related changes among

§116ts and a need for research-on pilot performance aﬁ,taskéighat are

b , } ]
représentative of actual work situations. - )
. 7

Of more immediate relevance to this report are the relationships
between group variables such as age_aﬁa equipment design. For example,

as they age, many people require the &se of bifocals. How does the use

‘of bifocals relate to the need to ;éaa information from displays such as

J -

N

displays must be designed aifféréﬁtiy or that the information musf be
displayed differently depending on the age of the operator? - Questions
such as these %onstitutexa largely Tnexpiored Copic for resefgch.

NG

ﬂ S zot
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INTERACTIONS AMONG VARIABLES

Another serious pap in our knowledge is how various individual and group
\ h

differences interact to affect job performance. For example, there are

shich determines the capacity of an individual to do prolonged heavy work

i P - - : ; . ] : )
(Astrand and Rodahl; 1977). 1ése data show that thege is a steady

decrement in aerobic poWeEr beginning at about age 20, égch that a

60-year-old attains akgut ia‘ﬁérCE;t of the maximum of a 25-year-old-
yafaétuaétéiy; there are a few data on most population differences or
individual differences as they are related to work situations: McFarland
and O'Dohérty (1959) ;aﬁeldééa the Wvllowing regarding the relationship

. <

© Although most studies show an unrelieved pictuge, of decline in

-

daily living.

’\1”;.

These and other iriteractions of variables are another almost completely

v
-

untapped area of research.
: e )

S : ! ;2()E? J ii'
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systems. Nafional and ethnic di€ferences have implications for equipment

rdesign that have just recentiy begun to be investigated (Chapanis,

1975). These differedces are reflected in anthropometric; physiological;

psychological, langnage, and-cultural variables that affect equipment

design. . ;

serious impedimenit to the operation of voice systems. After Worid War II

English was chosen as the language of use because at that time mostﬁ

aircraft were operated by English—speaking countrie Yet there is

o

wide variation iﬁ English dialects and pronnnciationf to the extent that
- L)

some dialects, such as that spoken in Newcastle, are not understood by
3g$§ié elsewhere in the British Isles. 6bvi6u§1y the problems are more

severe whén the speaker's native language 1s not Engl sh;
Ruffell—Smith's analysis of communication errors indicates that this
problem can be’ serious in ai,r ktr::xffic communicatior%, especially when the
speed of reaction,is a critical element in avoiding an accident.

< 7 :

Clearly, the impl‘cations of these population differences should be

considered in design decisions. 2 22{)
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Ethnic Variables in Human Factors Engineering (Chapanisf 1975)

.

provides other examples of equipment design complexities caused by

languagé differences. One chapter (Hanes; 1975) shows the variety of

'

European and Midéast languages. Ano%her chapter (Brown* 1975)

illustrates the désign prbblems that were encountered in designing a

computer terminal for Japanese, a language that is marked ty difffrf

from the Indo—European languages. In general; tbere is 1ittle v

appreciation of the problems involved in designing equipment for diverse
~ ;

_national and ethd ¢ groups. The Human Engineering Guide to Equipaéa:

Design (Van Cott and Riﬁkaac 1972) 18 the best single source of huzan
factors data available, yet ft is almost entirely caﬁcéfﬁéa with American
and European data. It is aéccéga}y‘ta learn to what extent 1ts data and
‘design recommendations need to be modified or supplemented for )

international use. N L ,

»|

INDIVIDUAL DIFFERENCES AND TRAINING

) | . '

Clnselg related to problems of equipment design are those associated with

k\\the training of individuals to operate complex equipment. Here again our

information is serinusly deficient. An apprbach that has sbmé;prdmise is
the aptitude—treatment interactibn (ATI) model. The goal of this

approach 1s td.matchpa particular mode dféinstructidn'td an individual's

distinctive characteristics so that each person is assigned the most

appropriate learning procedure. a_ disnrdinal‘ aptitudé~treatment

interaction is one in which indivifuals with high aptitude perform ovest

204
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with one treatment (e-.g.; ttéiﬁih% or display), while those with lower

aptitude perform best with another treatment. Thus, the aptitude level
_ - ] o - .
F(_il_x:/pdividual determines the form of treatment that has the best

- Q

cHance of success. Aptitude in this context refers to any personal
characteristics that relate to learning and so cam include a. broad range
AN

of variables, such as styles of thought, personality, and various

é%ﬁdiastigmépiifé&éi;; treatment has typically referred to imstructional

modes 1iké programmed instruction, Eéﬁﬁﬁtét:dééiétéa instriction, visual
' i

versus verbal presentations; wetc; it can be generalized, however, to any

. intervention; including job redesign.

An exhaustive review of this appeallng strategy 18 provided 1o the
text by Cronbach and Snow (1977): They examined a léggg number of

potential aptitudes, such as learning rates, abilitié§;<§ﬁd personality,

While early reviews of this togic were more pessimistic, Cronbach and

Stiow's extensive review and reanalyses of data have led them to comclude
that aptitude treatment interaction effects are real phenomena. They
note that the fiﬁ&iﬁéé that most clearly suggest ATI effects are those
dependent on prior learning experlence: éﬁhé tgchhiqué that works best 1s
the onme that an individual has already éiﬁé?iéﬁééa. However; ATI effects
have not often been gggg;xiizéd or replicated. Goldstein (1980) notes
the need for systematic empirical éﬁ&_éﬁééféfiégi tesearch that matches
iii'diiiijijai differences among learners tofvarious imstructionsal
strategies. Thélhapﬁézété assigniment of individuals with particular
abilities to a;y available ins':r_ﬁctio'ﬁai technique is not likely to
produce dividends.

205
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\ BARRIERS TO SUCCESSFUL PERFORMANCE
Another important topic is the identification of barriers to successful

interviewers {;éic"é’iiié:i&éﬁéﬁ as more likely to be absent and to have fewer
skills, even though they have no evidence to support these beliefs
(Brittos and Thomas, 1973): Similarly, the elderly are viewed as
difficult to train (Britton and Tﬁéﬁéé;‘i§7§5; Researchers concerned

;constrainis; in military organizations for example, i1s a first step in

understanding and resolving their serious:retention ptpbiem; Ode study
(Boyd et al., 1975) of 1,573 women in their first tour io the Army's
basic training program was critical of the program's failure to provide
realistic expectations about the traifing process. Subsequent to the
bas3£ training ptdé?g; supervisors reported the main difference between
good and ﬁébt;ﬁétfbfﬁétb was jdp:téiétéa attitudes (aiééiﬁiiﬁé; fSliéﬁiﬁé

orders; military courtesy) that were not adequately presented in basic

trainiog. )
) RECOMMENDATIONS FOR RESEARCEVUN POPULATION GROUP DIFFERENCES

A tescarch program to explore issues concerning population group and
individual differences would need to take several approaches:

€1) It 1is necessary to conduct literature reviews and examinations

. | 206




(such as visual displays on a word processor) will be important in o
_Eﬁé_futuréz‘ | | | ’ )
(2) It 1s necessary to coiiéct and examine évaiiaiia theories and
émpiy’éai data about the relevant parameters (e.g., changes in
information processing capability as a functionm of age). - .
(3) Research shouid be sponsored on a number of topics:
o The relationship gétﬁééﬁ population group variables and
-performance’ on reié%éﬁt work tasks. .
@  The interagtion between population group differences and
¥

various interVEﬁtiSﬁé; such as.jdb redesign éﬁ&<E§éini§g:
o The specificatiocn of aésiga changes based on research
| ’fiﬁafﬁgé resulting from these research recommendations.
(4) 1In addition; data should Be collected and analyzed to idenmtify
and remove organizational constraints that serve as Barriéfa_Eb the
successful performance of various population groups, such as wouen

L\
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VII

APPLIED METHODS IN HUMAN FACTORS

-y
3

~ ] : ’

AS part of an éﬁgiﬁééfiﬁg team, human factors specialiste apply their -
keowledge and skills to system definition, design; development; and
évgjﬁétiéﬁ in Bfﬁé;,ib optimize the capésiiitié; éﬁ&f}éf?éfmaucé of
human-machine Eé%ﬁ-ﬁéfions; Their task can be formidable in complex
system development. For example, military standard MIL-H-46855B of the
Department of Defenst details the human factors requirements that must be
addressed in the development of military systems; an outline of these
requirements appears as Figure 7-1. The outline 15 aiso a reasonable
representation of the human EECt§t§ caﬁéiaétﬁtiaﬁé that may be relevant
to the aé66§§biéhi of any systewm. -

In designing and creating systems human factors specialists use a

variety of analytic and data-gathering techniques to assess problems,

develop machine and human requirements and functions, and evaluate system

The principal authors of this chapter are Alphonse Chapanis and Robert T:
Hennessy. It is based on a workshop on applied miethods held in December
1981 under the sponsorship of the Committee on Human Factors« The

workshop participants and; therefore; the principal contributors to this
chapter are Alphonse Chapanis (workshop chairman), Johns Hopkins
University; Stuart K. Card; Xerox Palo Alto Research Center; David

Meister, US Navy Personnel Research and Development Center; Donald L:

Parks, Boeing Aerospace Company; Richard W. Pew, Bolt Beranek & Newman

Inc:; Erich P. Prien, Memphis.State University; John B:. Shafer, IBM

7C€rp6tatibh; and Robert T. Hennessy,; National Research Council.

) ) 7 . %
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3.1 General Requirements :
3:1.1  Scope and Nature of Work
o Analysisg

- [¢] Design/Development
o Test and Evaluation - o
2 3:1.2 7iiﬁanﬂrEngin§ériiié Program Plan and Other Data

)

H

1 Buman Engineering Program Plan B 7

2 Changes to, the Human Engineering Program Plan
_Other Data : A

3.1.2.3 . =
-3 Non Duplication (of Effort)

3.1
3:2  Detail Re uirements - ] ]
3.2.1 ﬁiinis, B o - - . ',
3.2.1.1 | Defining and Allocating System Functions
3.2.1:1:1 Information Flow and Processing Analysis
3.2.1:1.3 Estimates of Pbtéﬁtiél,éﬁéiétar/uaiﬁtAiaéi
] Processing Capabilities :
-2:1:1:3 ¥ Allocation of -Functions -

poent Identification
y818 of. Tasks

\_Equi
:3:1  TGross Analysis of Task;\

4

- Determine System Performance Can Be Provided by Proposed
Personnel-Equipment Capabilities S
2. ﬁééu:efuumaq Performance Requirements Do Not Exceed Human
Capabilities
3. Input Data for - :
, © Preliminary Manning Levels
© Equipment Procedures . o
) Sk1l1l/Training Requirements
0. Communication Requirements
4. Critical Human Performance .
5. Possible Unsafe Practice -
6. Promising Improvements in Operating Efficiency
3:2:1:3.2 Analysis of Critical Taskgs
1. Identifying B ) S L
. 0 Information Required by Man, Including Task Initiation

o

Information Available to Mag

Evaluation Process v
Decision Reached After Evaluation
Action Taken N

Body Movements Requitred by Action
Workspace Envelope Required by Action
Workspace Available 7
Location/Condition of Work Epvironment

Frequency/Tolerances for Actfon
Time Base. , )

Feedback on Action Adequacy
Tools and Equipment Required

N

4
00 00 0 o 0 0 00 0o (e}

ha S
FIGURE 7-1 outiine of Human Factors Requirements in the Development of
Military Systems o '
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© Number of Personnel Required and Specialties/Experience
o Job Alds/References Required

s

o

Special Hazards Invoived B o - B P
Operation Interaction Where More Than One Crewsan is

¢

Involved k4
_ o " Operational Limits of Man (Performance)
- .. © Operational Limits of Machine (State-of-the-Art)
' 2. Covering All Affected Mission/Phases, Including Degraded

; o Modes of Operation
o : 3.2?&.3 3 Loading Analysis ; :
' l. 1Individual €rew Member Workioad Analysis C0mpared with
) Performance Criteria

.
.
[ N

4 Preliminary System and- Subsystem Design )

Human Engineering Studies, Experiments and Labora€3A§ Tests -

Studies; Experiments and Laboratory Tests
.1.1 Mockups and Models

2.1
2.2
.2.2. .2 ‘DPynamic_ Simulation
2.2
223

Wi
L]

W I W
L]

Equipment bd%tail Design Drawings

N’ N W W N NN
L]

Work Environment Crew Stations and Facilities Design

W W

L 2

Weather and Climate

Range of Accelerative Forces

Acoustic Noise, Vibration and lmpact Forces_

Provision for Minimizing Disorientation

i e L .

Space for Crew Activity and Equipment
Physical Visual and Auditory Links for All Man-Equipment

Interfaces
Safe, Efficient Walkways fStairways Platforms, Inclines

?rovision to Minimize Psychophysiological Stresses

Provision™to Minimize Fatigue—-Physical Emotional;

Work-Rest Cycle

Protection from Hazards--Chemical, Biorbgical
TOxieological Radiological Elgctrical; Electromagnetic

Optimgmilliumination Per .Visual Tasks

Sustenance; Storage and Sanitation,
Crew Safety Protection Relative to Mission Phase and Control-

bisplay Tasks '
3:2:2:4 Human Engineering in Performance and Design

Specifications B
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3:2.3 Equipment Procedure Development
3:2:4 - Human Engineering Test and Evaluation
3:2:4.1 Planning
3.2:4:2 o Implementation (Include As Applicable)
o) Simulation or Actual Conduct of Mission/Work Cycle

© Human Participation Critical to Speed, Accuracy,
Reliability, Cost

FIGURE 7-1 Continued ;
i N




© Representative Sample of Non Critical Scheduled/Unscheduled
Maintenance Tasks- . B -

© Proposed Job aids N i . S
- o Use of Representative User Peérsonnel, Clothing and Equipment
©: Task Performance Data Collection o
. © TasklPerformance Discrepancies--Required vs.’Obtaingd
. © Criteria for Acceptable Performanice
_ 3.2.4.3 ° Failure Analysis (Human Error Factors) - .
. 3.2.5  Cognizance and Coordination (Interdisciplinary Integration)
3.3 Data Requitements Per Contract Bata List . )
3.4  Data Availability to Procuring Activity ’
3.5 Drawing Approval by.MFE for Man-Machine Interface
A ~
‘o' — "
‘® . : : ~
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or subsystem performance. Although many of these problems would ideally

be solved with the experimental methods used in scientific research,

practicing human factors specialists rarely have the luxury of ugiﬁg

factors and the precise control of unmanipulated variables.. This is Dot

to minimize the importance of experimental methods which are used

factors handbooks: However, applied methods are pecessary both as

suplements to experimental methods, e.g.; for problem analysis and
structuring, and as substitutes when the pressures and constraints of the

B ~

involve rhe incomplete specification of system functiqps; complex

/combiﬁatidﬁs of conditions that cannot be separated or controlled,

j/frestricted sets of alterpatives, limited time apd opportunities for

7/

investigation, and pressure to produce definitive results quickly. From

necessity, human factors specialists have evolved an armamentarium of

characteristics that arise in the context af system design, development,
o ' . i e

and evalyation.

Applied methods are diverse, reflecting the many purposes for which
- <

"human factors information ig used. Some of them come from psychology,

modification; from other fields, such as industrial engineering and time

Q210




outputs, the functions performed the range of values that Géiiéﬁiés Eéj

assutie, procese flow, the sequeiics of events, and the tﬁimg 6fjthé
=
E

tools to help answer QUéstions when there are constraints of time;
dbllérs; and freedom of action and when experimental methods. are not

suitable to answer the ques'ions that arise in system development.

Although it is characteristif of applied methads that they make it

possible to acquire and produce data and iﬁfdrﬁatibﬁ;éﬁly to the degree
of resolution and rettability sufficient for a particular purpose; these
methods are sisiéﬁétié{éﬁ& objectivesprocedures. That is; the ﬁfdéé&ﬁfés

are repeatabie and input and output data are operationaiiy defined.
'fob" The importance of applied methods in human factors work is cieaf
from the number of tesﬁﬁiééi reports and journal articles that &iéé&ég
one or more applied methods. Two recent reports (Williges and Topmiller,
lééd Geer, 1981) list human factors prscedbres necessary for Air Force

system analysis, design, and evaiuation, the 1atter rEport gives brief

—————

“ﬂescriptions and critiques of approximately 4%//ngig)engineering~
procedures; the majority of which are applied methods. Figure 7-2 1i§t§f
applied methods that appeared in keyword lists of articles ﬁﬁfiishéav,;
‘between 1976 and i%gi in Human Factors, the Journal of the Human Factors

Society: s ' 517 | -
o : AL : .;-7 r

[




Activity analyses

- ‘Accident studies
) Attitude studies Cost-benefit aaalysi,s ‘
- Critical incident studies Decision analysis '
Delphi techniques _Failire mode 55519;15 L
?'a'uit tree 'a'n'aiys’ié Flow analysis
Functional analys Job analysis ,{
Lapse time”%hbiography Liﬁi éﬁéiyéié
Near—accideﬁt studies ”Nétﬁstk fiéG’SﬁﬁiyEié' )
Operational sequence analysis ;Qﬁéstibﬁﬁéiféﬁ.:‘ )
/fyquirements analysis Task. analysis )
b')'
— P
- S
\ —

FIGURE 7-2 Applied Method Names Appearing in Keyword Lisé% of Articles

1ﬁ;human Factors Betweéen 1976 1981
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there 1is general

ag;éémen: among human factors specialists that we need to improve

Advances in technology, particularly in the Speed, power, ahd memory of

-
- —

computers have generateé concérn recently with the human factors

.-"

. elements of computer software. At the same time, the éiplosive growth of

for the analysis ﬂnd description of the role of humans and coﬁputérs in

.such systems.i'

Applied methods have EEGEf‘preGiousiy been treated as a single
topic deserving attention in its own right.* Consequently, information
has never ‘been gathered on the number and varieties of applied methods
available and the frequency and adequacy with which they are used. The
workshop held by the Committee on Human Factors, on which the discussionm
in this chapter is based; was an attempt by coﬁﬁittEE members and a group
of acknowledged experts in applied methods to identify problems and needs
with respect to applied methods. Even in the absence of data onm the
variety and frequency of use of applied methods, we have been able to
iaéiiifj several major probiéﬁs and to recommend solutions, which may
ﬁékeléﬁﬁstaﬁtiél improvements in practice possible. Three major problems
are discussed: (1) the lack of adequate aaéuﬁéﬁtatiaﬁg (2) the iimited

-~

*This situation contrasts with’ experimental ﬁethods for which there are

many textbooks and source books for readers at all levels of

ﬁi 7 . | : 22515) ‘ii | | 5

sophistication.
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:opportuuities available to learn applied methods, either 1in colleges and

univeggities offering human factors courses or as part of the continuing
educajfgi of human fﬁttbré Eﬁéciiliﬁtés and (3) the lack of research to

iﬁﬁ?é@é existing methods and to develop new methods that will provide the
data and information needed im current and future prECticailﬁuﬁaﬁ factors

work.

DOCUMENTKTION OF APPLIED METHODS

The practical work of human factors specialists, unlike scientific

research, does not result -in an orderly progression and an orderly

accumulation of knowledge. Human factors projects (i.e.; participation

in the design of systems) and' the solution of special problems come and
. . . H - +

éb in great variety. Typically work is performed; reported; and
forgotten as new systems and probleds aévéiéﬁ; Codified, archival
répbgitories of practical work--i.e.; review books and articles that
summarize the knowledge and procedures used in human factors applications
to some point in time--are rare. As a result the historical memory of

human factors methods resides largely in the heads and in the report
files of practitioners. By contrast; in the literature on scientific

research; the methods used by investigators are maintained and

il

disseminated in the curricula of university departments and preserved on
library bookshelves. :

As an important first step toward improving knowledgi aﬁbﬁt and use
of applied. methods, we therefore recommend that one or more projects be

initlated to compile and review the available Lnformation on applied




10
méthodologies used in human factors and related fields, such as

}ﬁdﬁéttiil and organizational psychology, personnel selection, and
instructional pesychology. The object of the review would be to determine
what methods have been used, how they have been used, where they a};
used; and what their advantages and éiéi&?iﬁiijéi are. fﬁé'ﬁréjéét
should also include a critical achiysis of the methods. Other purposes
of the review would be to structure of codify the methods and to document
them for subsequent educational and research purposes.

It would &1s6 be exttemely valuable to practitioners, éauaaéafa;
and researchers in human factors to have a compendium that codifies and
provides standard or generic descriptioms of applied methods that are
used in practical human factors work. Development of such & compendium
vould require a great deal of judicious and careful effort. One of the
primary difficulties would be to decide which methods are viable, valid,

endorsement of the methods described, we recoummend Eﬁét eight criteria be

used i£ the iigébtiéﬁ.§f6§ééi; Methods that meet the criteria iisted

below could be regarded as having sufficient stature to be of value in a

variety of husan factors applications: .

X .

Inportancé—poes the method produce needed 1nformation?

Cost--1s ;;;5:ethod éff;c;ent in terms of effort and time?

Utility--Can procedures for uﬁiﬁg tﬁé method be easily interpreted
and implemented?

Available Input Parameters--Cah the necessary data be coliecied in

a direct, objective, and reliable way?

221



11 -

interpretable and useful for decision making?
Validity/Verification--Can or has the method been found to produce
the information it is supposed to?
Theoretical Foundation--1s the method supported by scoepted
_behavioral or measurement principles?
Robustness~—Can the method be applied to a variety of problems or
in different contexts?
These criteria iﬁpi} that the approach to documenting standard

definitions of applied methods should be conserVative. That is, oﬁiy

should be selected for inclusion in & coﬁpeﬁdiﬁﬁ;' Methods used in
ﬁorkioéd assessment provide an example of the importance of using these
criteria. Measurement of workload is a current topic of intense research
interest; coﬁse&ﬁehtiy a large number of theories, approaches, and

positiohs have been put forward. Since most of the recent work has not

to describe theﬁ as % 'dard, acceptéd methods. Older methods exist for
: 7 S _ / 7 ) o
assessing imposed workload thét; while pérhéps wanting in certain
]
respects, have been proven through repeated use to be priétical

rei/giiiiei and valid (Parks and Springer, 1976) and are likely to meet our
r -
criteria. Nevertheless, there will be hard choices to make in deciding

vhat constitutes an accepted, standard form of s method.

Muitipie variations of a method should probabiy not be included. A

rog .
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developuent and as a foundation for the education of human factors
Ftuaénté at colleges and universities. Attempting comprehensive coverage
of all variations of méfﬁoaﬁ iiuld unnecessarily complicate the task of
documentation and delay the compilation, causing confusion and '
consequently inhibitiné its 8cceptance. A single, solid definition of
each particular method would be most ugeful, since by its nature an
applied method undergoes some variation in each instance of its use
because of the requirements and constraints of a particular projeet. in
the meancime, addttional documentatton and research to extend or refine
the étandotd methods can be carried out.

In the course of compiling a reasonably comprehensive 1ist of the
most generally known applied methods (see Figure 3), iE became Eﬁﬁétént

that the methodologtes could be g8rouped into five categoties according to

t:;jr purpose. Five categories of appited metbodoloéiéé Eéém

a”jtoptiétéi anaiysis identificatiou of needs data collection,
pfe&ictibﬁ; and evaluation. ' Each aéiﬁédoiagy appears only under one
héading; although several of them are appropriate to more than one
category.

The organization of Figure 7-3 is probably a8 useful guide to the
scope of work involved in documenting applied methods.:‘rhe Citégotiéé
reflect a sequence of methods.used from the eariy concepi definition of
a system to 1ts evaluation. There. is also a rough cofféiation between
the difficulty-and detail involved in particular methods and the stage of
application in ihé process of systed development:

‘Documentation of applied methods necessaxiiy requites review of the

technical 11terature to, extract descriptIOns of appiied methods. To
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Anthropometric Analysi&
Decisibﬁ Analysis

IDENTIFICATION OF NEEDS

Eriticai iﬁtidéﬁt fechﬁiqué

Definition of User Population

DATA COLLECTION .

Activity Analysis

Time Lapse Photography

Real Time Film/Video Recording ' !
Direct_Observation _.

Physiological Recording

Quantitative Performance Recording and Analysid{-

\

The Human Error Rate Procedure (THERP)
Data Store

Human Operator Simulator (HOS)

Control .Theory

Accuracy Theory .

Predetermined Time Anaiysis

Readabiiity'indices

FIGURE 7-3 Geherally Known Applied Methods Categorized by Purpose
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document the entire range of applied methods would be impractical; a more

feasible approach would be to subdivide the work according to the five

categories of purpose. The individual tasks would thereby be more

txactable and make better use of the skills.of individuals whose

knowledge and expertise is likely to be confined tg a single category

rather than phe full range of methods. This approach would also allow’

the work on each subset of methods to be performed goncurrently. :

Whatever the approach taken, producing a compendium of standard, ‘usable
e Sl e
descriptions of proven applied methods would be an extremely 6élﬁéglé

i

) ) . . o _ _ R o B A
contribution to the field of human factors and consequently tp the future

o - _ s .
development of human-machine systems. v ¥

\
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SURVEY OF HUMAN FACTORS SPECIALISTS ON APPLIED METHODS
TOCIN ‘ a
Because of the dearth of information on the variety and use of applied ,
’ ~ 7 : o . 3
methods in human factors work we recommend a survey of human factors

practitioners concerned with the acquisition; design, development, and
evaluation or modification of equipment and systems. Such a survey would

determine the importance and frequency of use of existing applied methods
16 their work; the kind of information most needed in human factors
applications for which existing applied methodologies are inadequate or

nonexistent; and the methods for which descriptions and guidance for use

are most needed.

The survey would §rbvidé the ﬁecessér§ information on which ﬁé‘Base
aaéﬁﬁéﬁtéiiéﬁ; education, and regeércg:effbrtg; Review, codification, é
;EfséééraiZEtibﬁ; and documentation of existing methods shquld proces: £



according to the priorities of importance and frequency of use derived.

from the EEEGéiﬁi Information from the survey would be useful in shaping

- . -
777777777 A

human factors curricula in colleges and universities so that students can

‘be trained in applied methods that they will subsequently need on the
job. The continuing education needs of human factors specialists could,
also be mef by means of tutoridls and symposia on the applied methods for

which there 1 the greatest need for information: Finally; the results
‘of th€ survey would provide a sound basis for basic research efforts to
extend or improve existing methods or develop new methods to meet these
needs: ) ]

Construction of the survey imstrument itself would require a review

- methods, which the survey recipients would be expécted to rate. The

Titerature review would also provide additional data, complementary to

the anticipated survey, on the variety and frequency of use of applied
methods reflected in the technical literature. A product of this review

fashion; this bibliographic information would be extremely valuable for

subsequent efforts on the codification and documentation of existing
S " - S o o
methods and the initlation of research efforts to extend these methods or

develop new ones. : Tl
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EDUCATION IN APPLIED METHODS

Education in Colleges and Universities .

The absence of codified information éﬁd the lack of easy access to source

reports inhibits instruction in applied methods at colleges and

tniversities that offer degree programs or courses in the field of human

' factors. Geggral human factors textbooks give at best only 'a cursory

overview of a few applied methods and present case study examples that
highlight the substantive issues and results rather than the methods.
There are no texts suitable either for éBiiégéIiEVél instruction or as.a
reference for practicing human factors specialists that adequately treat

applied methods. The Eiugie ékcéptiéﬁ; ﬁéééﬁiéﬁeiééﬁﬁiiﬁéieiﬁ,ﬁﬁﬁéﬁ

For the most part, iﬁﬁtrﬁttbrélﬁuétrgé}; on their own eipefieﬁce iﬁé the
descriptions of applied methods gleaned from the technical literature to '
develop course material. They have no current and comprehensive
reference works to develop a balanced and thorough course in applied
methods. - |
Human factors worle 1s diverse and 1s pérfbrﬁg’d iﬁ pany

real-life settings. Without data on the variety and frequency of use it

\
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factora courses at the undergraduate and graauaté,, els. eiéafi§ the

previous section, would be of substantial benefit for formal educational

purposes. Until such a compendium exists and survey data is compiled on

the variety, frequency of use, and capabilities of applied methods* no

meaningful recommendations can be tade to improve education in appiied

methodsJ‘n colleges and universities. o ¥

Continuing E:ycation in Applied Hethods

L]

0f equal éaﬁcein,iseihe lack of suitahié contipuing education courses in

The problem of inadequate methodological preparation in formal education

‘e

extends to the work setting. At present 1t appears that many presunhbly
well—trained hiiman factors specialists work without adequate knowiedge of

appiied methods, and what knowledge they do have about these methods is

acquired on the job.

Currently employed humian factors speclalists could bemefit gfgstiy
from continuing education in applied methods specifically related to
their current work. Beveibpméﬁt,at colleges aa; vniversities of =£
educational programs in‘;pplied methods that provide a thorough treatment

w
e

of a range of applied methods would requite a substantial amount of
planning and course design work. Undoubtedly the broad inception of

these programs, and the realization of Ehei' eventual benefits in

practice, will be some time in coming. Uniike formai education in

229 o
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education could be done more easily and produce.more immediate positive.

_effects. Human factors professionals are likely to be more easily

edacated because of their general knowledge of human factors technigques

and the likelihood that they have at least a working familiarity with

experience, continuing education courses fox them can be much more

practical, with less emphasis on theoretical féﬁﬁdﬂiibﬁé;é Based om the

membership of the Human Factors Society, which numbers nearly 3,000, a
: i

reasonable estimate of the actual number of practicing human factors

specialists in this country who could benefit from continuing education

Fostering and promoting céﬁiiﬁuiﬁg education 5} means of Eﬁfééiiié
qnhgppiied methods 15 one of the most important and immediate ways to
improve the field of human factors. ‘Moreover; this kind of activity
could most easily be initiated by military and other federal agencies
charged with advancing scientific and engineering knowledge and
practice. These tutorials could directly benefit humaﬁ‘factérs
é?éciéiiété einployed by-the government as well as those employed by

civilian organizations that develop equipument and systems for the

ébiﬁiiéd :iﬁéth’éd's be developed and conducted under the éﬁéﬁéétéiﬂﬁ of one

or more government agencies. While we suggest methods to be discussed im
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Such a tutorial could serve several purposes besides the obvious

one of improving the professional competence of human factors
‘specialists. First; the materials generated for the tutorial would

contribute to.the deve10pment of standard defin®tions and documentatibn

of applied methods, since the course materials would have to describe the

subject methods with sufficient care and detaii to allow human factors

sﬁeéiéiists to use them easiiy and properly. Second the tutorials wouid

’

be a means for vaiida}ing a prior needs nalysis of Which applied meqﬁods

are Eoﬁsidered most important to hiuman factors practitioners.. Attendance

at the tutorials would also help ansver a more fundamental question: Is
there genuine interest in learning about applied methods? Third; the

initial tutorial would serve as a test to evaluate instructional methods
“and course Structures for traiﬁiﬁg in the use of spplied methods.

it is suggested that the initial tutorial should consist of thnee

-

parts: (1) an 1ntroductory review of the applied methodologies within
each of the five catego*ies listed in Figure 7-3; (2).8 comparisos of

tecﬁﬁidﬁes within each ca‘égdry and a discussion of how to select the

appropriate Eetﬁod for a8 particular appiication, and (3) detailed

instructioﬁ and practical work on a few selected methods. We suggest

five particular methodologies as subjects for the initial tutorial:
Task analysis;

Time iine analysis; - ° ‘ : - . .

Activities ahalysis;

-

Simulation; and

Information Analysis.

Do
(O]
H\
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Because these methods as well as others are either poorly or

£ .

{nconsistently defined, brief definitions of the five methods recommended
for the first tutorial are given in Appendix A. It would mot be
practital to cover more than five methodologles at the initial tutorial; .

five may even be too many.

There are a number of other B%ééigﬁé concerns relevant. to the form

and development of a tutorial on applied wethods. 'Experience has shown

~ 1 ) R
:utbria;£’2§ be only the first step in learning to use a particular

tééﬁaiqié'§r§§ériy,f Generally, aa'igaiviauai needs several days of
supérviséa'apﬁiicaéiaﬁ;ta become competent in using a ﬁarticuiar ﬁétﬁbﬁ: .
Therefore; the tutorial should not be simply a symposium but rather i
should Be a workshop in which the attendees could gain hands-on
éiﬁééiéﬁag. A by-product of the initfal tutorial would be the .
development and testing of the structure and effectiveness of the initial
instructional methods. B
A tutorial on applied methods would probably require 10 f@,ﬁpfﬁﬁﬁfé
of planning and preparing for each hour of imstructional time. Sinde the -

tutorial should include practical workshop exercises in addition to - .

lecture, a good part Bflﬁﬁé effort of preparation would have to be

devoted to development of materials: It is likely that the practicum .
would require one or mote assistants in addition to the {nstructor. 7
An individual or small group shoﬁiﬁ be selected to develop a ﬁﬁ;i?}?_ﬂ
. plan for the tutbriai:workghbﬁ; The primary gééi would be tb.cﬁbbéé-tﬁg; |
i'ﬁétﬁbaﬁ to be taught in the tutorial. This aétérﬁigétiﬁﬁ akbﬁi& 3é'Baééa'
largely on the needs analysis of the data gathered from the methods =
éﬁtﬁé?.éfﬁﬁﬁﬁéﬁ factors ﬁféétitiéﬁété recommended abrve. The individual
or group ;hauiafaiga_aaqréss siich issués as the number of days the 3

IR

, :A ; | .(r;?fjéé gq,
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tutorial shouid run; whether it ghould be conducted independently or in

\ sated sosic awd L&

assoclation with a national meéeting, the estimated costs, and the

could benefit frda 1eérnin§)§hout applied methods, such as engineers*
managers, students, and university teachers should be’ considered at some'

point: Engineers are an important audience since they are likely to need
to use applied methods in the course of system design and deveiopﬁent and
they are not likely to know where to seek informétioﬁ on methodoioéies:

Managers are important because .of .their influential roie ip equipment and

system deveiopment; Due to their position of authority, managers are

able to influence practices of their employ Coliege and university

teachers are a relevant éudience, since what they learn would be passed

on to their students. And students, especially students in engineering

and human factors, are a particularly important potential audience

because of their Teceptivity to new techniques and the apparent lack of

adequate educatiOn in applied methods in colleges and universittess

l‘

The tutorial format appropriate for humag' factors prqfé%sionals may
not be suitabie for these other groups. If the first tutorial ‘pfoves to
be beneficial to human factors specialists, it would be worthwhile to

design others tailored to the backgrounds and needs of thésé other,

.groups. We recommend that tutorials for these other groups be developed

— o _ . -

first for engineers and subsequentiy for the Temaining groups.

For all audiences the tutorials should be repeated at’ severai times
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' RESEARCH ON APPLIED METHODS

Each applied method was originated to fill some particular need for

information to support system design, evaluation, or problem analysis.

some ﬁtéétiééi end and so vary in form depending on the situations in

which they are used, there has never been very much concern about their

refinement or extension. :That is, an appiied method has rarely been
regarded "as an important topic worthy of research investigation in its.

own right; independent of a particular use. This lack of status is

partly reflected and partly caused by the absence of standard
. ? . .

;EBE&B factors rather than specialists in methodology. There is no body
of experts who devote their careers to the study and development of

e

applied methods rather than théir actual use, as there is for

‘Applied method#, however, are the principal means by which human
' factérs work is accomplished.. In 1light of thgif contibution to systems

'work, applied methods are a sufficently important topic to deserve

rescarch attention. Advances should not depend solely on incidental
- ) - ) ]
efforts made by human factors specialists in the cou..c of their- work.

Basic research specifically devoted to the validation, refinement; &nd

234
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essential.

-

. ,7&777.”” L R o L -
As previously discussed, fundamental problems are the lack of documented
definitions and descriptions of existing applied methods and the lack of

" knowledge about what information is needed in human factors work.

[

aéscrigfions 55& to iéiﬁ i&éﬁfifi the pééiiéniai problems and
s?ijtcomings of existing methods:

~ without this informatiom it is difficult to specify what research
on which ﬁéf?féﬁiéf Eéfﬁé&é would have the greatest value in terms of its
contribution to the improvement of human factors work. Nonetheless, we
propose some éiiéiiﬁg methods as subjects deserving research attention
because from our experienice it is dpparent that these methods are widely
used, critical to §ySten design and .development work, and could be
substantially improved: workload analysis; function allocation; task

Workload analysis 15 already the subject of many ongoing research

programs; however, it i& important enough to merit expanded support for -

above are, in our opinion, wmost aégétviﬁé of research attention, the
vfﬂé?ﬁgE of presentation should not be construed as indicating priorities
éﬁéng them: .fhere 1s insufficient knowledge about the needs of the human
factors community to assign ptibtitié&, .

235




Development of New Applied Methods ]
In discussing current and future problems and trends in human factors

applications to system development, Meister (1980, 1982) has identified

those informational requirements of human factors specialists that imply
seeds for the development of nmew applied methods. Om the basis of these
suggestions, we make general recommendations for research leading to the
fevelopment of five new applied methodst

1. ‘Methods for interpreting or extrapolating task/system

trequirements into personnel requirements;

2. Performance measurement methods that express measures in
terms relative to base rates for pérticaiéi system
characteristics and/or demands;

3. Training technology methods for translating task/abilities

‘requirements into training programs;

4. Systenm evalvation methods-—-static, dynamic, and
comparative; and

5. Methods for describing and evaluating task or system impact

on affective responses of personnel.
e

B
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- SUMMARY

There is a serious disparity between the importance of appiied
methodologies for human factors work, particularly systems and equipment
design, and the efforts being made to document and cadify them in a ‘
standard manner° to educate behavioral science and engineering students
in their use in colleges and universitie es; to provide continuing
ediucation in applied methods to wurkiﬁg human factats'spééiaiiéEég and to

new ones. It is of great importance to document Hhat is currently known
about applied methods. Increasing the accessibility of information on
existing methods would be more valuable than developing new methods.

What follows is a summary of our recommendations with respect to applied

methods . ~ i
o Exrsting methodologies should be assessed and documented in a-
codified compendiim that provides standard descriptions of the most
useful applied methods. fﬁisrcompéhaiuﬁ would serve both as a
comprehensive and téédiiy éVéiiéBié sourcé for iea:ﬁiﬁg about and as a

o Human factors practitioners should be surveyed to detérmife the.

importance and frequency of use of existing applied methods in their

work; the kinds of information most needed in homan factors applications

L

237
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o Tutorials on applied methods should be developed to meet the

continuing educational needs. of human factors.specialists. ﬁétﬁéds
recommended for the {fitial rutorial are: task analysig; time line
aﬁiiysis; activities analysis; simulation; and iﬁfétﬁéti%ﬁ analysis.

o Basic research should be performed to improve and extend

existing applied methods: Methods in need of research include: workload

[

o Basic research is also required to develop new methods that cas
provide the iﬁférﬁatiaﬁ needed by human factors specialisds to do their
work. New methods needed include: (1) methods for interpreting or :
éitréﬁélétiﬁg,iébiiéy;téﬁ;fédﬁiféﬁéﬁfé into personnel selection |

requirements; -(2) performance measurement methods that express. measures
in terms relative to base rates for particular system characteristics

and/or demands; (3) training technology methods for transiatin

methods—static, dynamic, and comparative; and (5) methods for aescribiug
and evaluating task or system impact on affective responses of personnel.

(Yl
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St SHORT BEFINITIONS oF APPLIED METHODS'

RECGMHENDED AS SUBJECTS FOR TUTORIAL

4

ot

.

3

_ Task Analysis

Task analysis has two ma jor aépects. “The fifst specifies and describes ‘?

<

the tasks; the second and more . important analyzes the specified tasks to *

determine the number of people needed the skLlls and Rnowiedge they
¥

shbuld have, and the training necessary. Results of task. anaiysis are

nsed in the development of Operating procedures and technical manuals and

“the determination of critical equipment characteristics and task demands

imposed on people: The analytic method invnlves.décémpésiiiéﬁ of task
content into their conéfitUént elements; such ailstimulus input, required

< -
<
g

Simulation

éimuiaiién is used (i§ to 31i66 users to EiperiEBce; in advance of 1t&’

6pefatién' portions - of a system that are more compiex mbrgidangerénﬁ; or

more expensive than an experiment could aliog for &\ ﬁz) té predict

perfernaﬁéé-afjéystems that do ﬁGE_eiist:‘ Simulation is a huwan factors
. v .

S

4
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methodology only when it is combined with bﬁgvbf the observational or
% S T i

measurement methodologles. And to extrapolate the observations or ~

. ; measurements to the real world requires a determination of the extent to “

' Which things that affect the observations of interest are realistically

portrayed in the simulation. How to make this -determination .

(cost/transfer function; part versus whole task simulation, which things
to simulate) 1s the key part of the technology that is &till largely
. . \'.’1

behavioral consequences of system design, simulation 1§ crucial. .

0 . g S
KT : . B

- . : RO

scenario and procedures into serial order and plots the times of

individual tasks in sequence against a time base. It portrays

sequential, parallel, repeated, and/or intermittent tasks according to
what is done. - The resulting accumulation of tasks and total 5&??62@355&

; - N . i
tigme can be used to Eﬁﬁraiset . ' _ }

—

to system objectives; ‘ R .

2. The feasibility of performing required tasks Eiiﬂiﬁ the required
/ 5 .
Cflme 2 |
3. Antecedent hardware and 6pé_‘ré£i6:ri§; conditions to ensure that the
requirements of each task éiéﬁéﬁ; are met; SR

, Lt
. ® e

"
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4. The edﬁﬁétiﬁirity of demands,on the operator, ensuring that

. antecedent tasks are identified and _performed, réquiréd skilis
and performances are feasible and practical, and difficult*
complex, or ceﬁfiictiﬁg demands are aidiéeaj and

£ 3+ Workload demands,'by comparing time requirements to cotiplete a

task series to the time available for compietidﬁ withino the

v
-

constraints of a given system. ,

Information Analysis

Iﬁf&rmatidﬁ aﬁalysis identifies information and its flow thtougb a

k~‘_~l"'system, uSually as perceived from a useris viewpoint: For example, the
flow of information necessary for the operation of ao office differs from

the,fiow of documents through th'at 6ffié.é. Certaln system actions occur

fto the information received which in turi&becomes inputs to subsequent

actibns. Information analyses enable human factors specialists to essess

and design the informatiou requirements of the user interfaces.

r

Activity Analysis

&
[

In many situétiaﬁé iaaoiving field environments, siauiafiaﬁs— or

‘ Béék—upé it 1s desirabie;aﬁd useful to catalog the distribution and/or

=§? SeqUential dependencies uf wcrkers' activities. In activity analysis an

H

) 'observer periodicaﬁly or aperiodically samples the work being performed
.'. ? .

;‘and classifies the results inno‘E et of categories. The date-may be

/
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obtained from direct observation or from video or film recordings '
z‘ihaivia’uai samples are then aggregated into activity frequency téisiéi; or
graphs or state transition aiagféﬁg. These analyses are ééﬁééiéii§
useful for documenting the ey in which task requirements change ith
ai;é"mati_ve system designs or environments or f’qr estimates of relative
cost effectiveness, manning Tequirements, or simply for understanding how
ib"&ividua’is ci;fgiéi;i{)é spend their time. l
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